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The Demand and Distribution Task Group 
is one of four such groups created by the Natu­
ral Gas Committee of the National Petroleum 
Council (NPC) to respond to the Secretary of 
Energy's request for a "comprehensive analy­
sis of the potential for natural gas to make a 
larger contribution to the nation's energy sup­
ply and the President 's environmental goal." 
The task group, composed of approximately 40 
persons, included representatives of produc­
ers, interstate pipelines, local distribution com­
panies (IDCs), and the federal government, as 
well as such associations as the Gas Research 
Institute, the American G as Association, and 
the Edison Electric Institute. In addition, the 
electric utility industry was represented. 

STUDY METHODOLOGY 

The Demand and Distribution Task Group 
undertook three major responsibilities: 

1. Development of ten regional reports as­
sessing market and economic conditions, 
and enumerating both opportunities for an 
increase in gas consumption and con­
straints inhibiting such growth. (These re­
gional reports are quoted throughout this 
volume, and can be obtained in their en­
tirety from the NPC. (See order form at 
the end of this volume.) 

2. Identification of the major growth opportu­
nities for nationwide gas demand, the ob­
stacles and constraints which could inhibit 
this growth, and the methods by which 
those obstacles might be overcome. 

3. Development of assumptions and review of 
results of the NPC Reference Case scenar­
ios for the period through the year 20 1 0. 

These analyses and activities provide the 
basis for this report. This Executive Summary 
extracts key fmdings, conclusions, and recom­
mendations on natural gas demand. It specifi­
cally addresses the residential and commercial 
markets, the industrial market, the electric gen­
eration market, emerging technologies (includ­
ing natural gas vehicles [NGVs]) ,  and their 
commercialization, and other issues facing the 
gas industry 

GENERAL FINDINGS 

Numerous studies confirm that natural gas 
is widely perceived as a valuable fuel with nu­
merous applications and advantages. More­
over, natural gas is an environmentally clean al­
ternative to other fossil fuel sources. These 
factors can help natural gas to increase its share 
of the energy market but will not be sufficient in 
themselves to ensure this result. The notion that 
gas will sell itself is unrealistic. All segments of 
the gas industry will have to work to retain exist­
ing customers as well as address and overcome 
obstacles to the addition of new customers. 
Among these obstacles are the perceptions of 
some, particularly electric generation cus­
tomers, that the gas industry is: unreliable; po­
tentially unable to meet its commitments; unre­
sponsive to its customers' needs; and lacking 
the capability to market its product. Accord­
ingly, the gas industry must demonstrate to end 
users that mechanisms exist for markets to 
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manage price and supp ly volatility, and the de­
livered price of gas is and will be economic ally 
competitive. A positive step in this direction bas 
been the recent formation of the Natural Glas 
Council, bringing together key segments of 1he 
gas industry with the avowed goal of incre asing 
gas demand. 

Although certain obstacles to the grovvth 
of natural gas demand have been identified, 
these obstacles are manageable. Aggressive 
marketing efforts, cooperation, hard work, and 
excellent customer service are the keys to su.c­
cess. Focus group interviews identified the 
need for organizations within the gas industry 
to improve their marketing capabilities. Co m­
p anies are responding to these concerns and 
are developing marketing organizations and af­
filiates to identify and serve customer ne e:ds. 
Traditional sectors of industry, from produc ers 
to pipelines and local distribution comp anies, 
as well as new entrants such as aggregat ors 
and marketers, now have the potential to deal 
direct ly with the consumer. While competit.on 
within the industry is increasing and customers 
are bene fiting, industry participants have b e!en 
t hrust into new competitive roles and the ad­
justment is not yet complete. 

The adversarial nature of the regulat 0ry 
process has detracted from the industry's al)il­
ity to market its product. Industry regulati (>ns 

continue to evolve , and until stabilized, will 
cause a measure of uncertainty in the market . 
FERC Orders 380, 436 , 500 , 528, and the recent 
series of 636 orders have dramatically changed 
the gas industry. 

Conservation and improved energy e ffi­
ciency are being stimulated by state Demand 
Side Management and Integrated Resource 
Planning (IRP) requirements, environmental 
regulations, and appliance efficiency standards. 
While these programs will curtail the rate of 
growth in overall energy demand, they will im­
prove the value being provided to the cus­
tomer and will potentially augment the compet­
itive position of gas applications . 

The markets for natural gas are highly di­
verse, ranging from individual residential cus­
tomers whose consumption can be as low as 30 
thousand cubic feet (MCF) per year to large in­
dustrial facilities and power generation installa­
tions consuming in e xcess of 50 billion cubic 
feet (BCF) per year. The NPC Reference 
Cases provide a numeric framework from 
which to discuss the growth pote ntial of t he four 
traditional consuming sectors. For the two sce­
narios developed for the study; Figures 1 and 2 
display the model results for the distribution of 
the various energy sources contributing to pri­
mary energy consumption in the markets con­
suming natural gas. Table 1 contains a break-

TABLE 1 
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LOWER-48 NATUiliAL GAS CONSUMPTION 
(Quadrillion BTU per Year) 

Reference Reference 
Case 1 Case 2 

End-Use Sectors 1fJ90 2010 2010 
Residential 4.5 4.9 4.7 
Commercial �!.7 3.5 3. 1  
I ndustrial i'.O 8.9 6.1 
Electric Utility 2.9 5.4 4.9 

Total End Use 17'.1 22.7 ·18.8 

+ Lease/Plant Fuel 1.1 1.3 1.1 
+ Transmission Fuel (1.6 0.9 0.7 
+ Exports/Misc. 0.2 0.2 0.7 

Total Consumption 1St.O 25.0 21.3 

Note: Totals may not agree due to rounding. 
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Figure 1. Primary Energy Consumption and Market Share-Reference Case 1. 
(Excludes Coking Coal, Oil Feedstocks, and Liquid Transportation Fuels; 
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Figure 2. Primary Energy Consumption and Market Share-Reference Case 2. 
(Excludes Coking Coal, Oil Feedstocks, and Liquid Transportation Fuels; 

Gas Data Exclude Lease/Plant Fuel, Transmission Fuel, and Exports) 
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down of the calculated gas consumption by 
market sector. In Reference Case 1 ,  gas con­
sumption grows in both absolute and relative 
terms, although coal is projected to grow at a 
faster rate than gas in the second decade due 
to the increasing price of gas relative to coal. 
Gas's market share remains essentially con­
stant in Reference Case 2, due to slower de­
mand growth in the industrial sector. Slower in­
dustrial sector demand growth results from 
assumptions of more aggressive conservation 
measures in Case 2. In both Cases, increased 
consumption of natural gas is the major reason 
that residual and distillate fuels, which are 
largely imported, do not grow. It should be 
noted that these cases do not constitute. an NPC 
forecast of future gas demand. 

CONSUMING SECTOR 
OPPORTUNITIES 

R esidential and Comm ercial 

The residential and commercial markets 
form the traditional core and backbone of the 
natural gas industry. Natural gas is used in 55. 
percent of single-family dwellings nationwide. 
In 1 990 , the residential customer class con­
sumed approximately 4 .5  quadrillion British 
thermal units (QBTU) of natural gas, while the 
commercial class consumed 2.7 QBTU. Of 
these deliveries only 5 percent are estimated to 
have been delivered on a less than firm basis. 

The capital intensive nature of LDCs cou­
pled with the obligation to serve their core 
firm-sales customers explains the price differ­
ential between the spot price of gas and the 
delivered firm sales price. Its notable that firm 
sales customers are and have been provided 
totally reliable gas service at competitive 
prices. 

Residential 

Major forecasts (American Gas Associa­
tion, Energy Information Administration, Gas 
Research Institute) project the total number of 
residential gas-consuming customers to con­
tinue to increase beyond the year 20 1 0. This 
increase will result from the extension of gas 
service to new areas, the aggressive marketing 
of new technologies, as well as the increasing 
market saturation in the traditional residential 
applications of space heating, cooking, water 
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heating, and clothes drying. These same fore­
casts and the NPC Reference Cases project 
residential consumption to range anywhere 
from current levels to almost 5.0 QBTU by 20 1 0. 

The per-customer annual consumption is 
projected to continue to decline due to im­
proved equipment efficiency and conservation. 
This trend may possibly accelerate in response 
to economic conditions and/or regulatory ini­
tiatives. On the other hand, the potential exists 
to partially offset this decline through the ag­
gressive marketing of supplemental gas appli­
ances to existing and new customers. Ad­
vances in electric heat pump technology and 
its promotion will test the gas industry's mar­
keting abilities in its core space-heating mar­
ket, particularly among new residential con­
struction, and highlights the need for the 
commercialization of advanced technologies, 
such as the gas heat pump, in order to remain 
competitive. 

Change in residential gas consumption is 
primarily driven by: ( 1 )  effect of energy effi­
ciency; (2) residential rate design and delivered 
prices; (3) the level of new home construction; ( 4) 
competition; (5) new technologies; (6) possible 
fuel substitution in equipment replacement mar­
kets; and (7) the success of marketing activities. 

Commercial 

The commercial segment in 1 990  con­
sumed approximately 2.7 QBTU of natural gas, 
and traditional commercial consumption is pro­
jected to grow slightly above the current level 
through the year 20 1 0. Commercial demand . 
for natural gas is primarily driven by: ( 1 )  com­
mercial floor space; (2) conservation trends 
and IRP; (3) technologies; (4) competition; and 
(5) the delivered price of natural gas. 

Retention of current business is critical to 
future demand levels in the commercial sector. 
Growth opportunities lie in packaged cogener­
ation and in advanced gas cooling technology. 
The industry faces a major challenge in pene­
trating the high-rise office/apartment market. 

Competition from the electric industry, 
conservation, federally mandated efficiency 
improvements, and IRP programs will limit en­
ergy growth in the commercial sector. The gas 
industry, particularly LDCs, will have to work 
very diligently to maintain their share of the 
commercial market. 



The following recommendations are made 
with respect to the residential and commercial 
sectors: 

• The industry as a whole needs to focus its 
marketing effor ts not only on traditional 
applications, such as space heating and 
water heating, but also on new applica­
tions, such as commercial gas cooling and 
packaged cogeneration systems. The in­
dustry should also work aggressively to 
expand the use of natural gas for trans­
por tation, e.g., commercial fleets and at­
home refueling facilities for natural gas ve­
hicles. 

• The industry must lower the overall cost of 
natural gas to the customer by improving 
the cost-effectiveness of providing gas 
services, as well as encourage the devel­
opment and use of efficient technologies, 
conservation measures, and fuel substitu­
tion programs within the context of IRP 
proceedings. 

• The industr y must increase its levels of 
technical expertise in the marketing and 
servicing of its products. 

• LDCs must develop appropr iate line ex­
tension programs to penetrate profitable 
conversion markets and compete more 
aggressively in the new construction mar­
ket. Marketing programs, such as equip­
ment fmancing, also need to be explored. 
Regulators should encourage and suppor t 
reasonably str uctured line extension and 
marketing programs. 

Industrial 

The industrial market represents a signifi­
cant oppor tunity for gain or loss by the gas in­
dustry. The NPC Reference Cases show a po­
tential consumption of between 6.1 and 8.9 
QBTU by the year 20 1 0. For 1 990 , the Energy 
Information Administration repor ted industrial 
energy consumption of 29 .8  QBTU of which 
natural gas represented 7.0 QBTU or 23 .5 per­
cent. Since 19  60 , industrial energy consump­
tion has grown from approximately 20 QBTU to 
the 1 990 level of 29.8 QBTU, or approximately 
1.3 percent compounded annually. 

Industrial gas demand is primarily driven 
by: ( 1 )  the degree to which the U.S. economy 
converts from energy intensive manufacturing 

industries to service industries; (2) changes in 
the energy intensity of these industr ies; (3) 
general economic grow th; ( 4)  conser va­
tion/efficiency trends; (5) impact of new tech­
nologies; (6) relative delivered fuel prices; (7) 
the success of the gas industry's marketing ef­
forts; and (8) regulatory constraints. 

The industrial market sector has under­
gone a major restr uctur ing dur ing the last 
decade as a world market has emerged where 
quality and productivity have become domi­
nant considerations in business decision mak­
ing along with the continuing need to control 
costs and improve operational efficiency. Al­
though manufacturers are still heavily moti­
vated by return on investment in making capital 
decisions related to energy process choices, 
the increasing need to meet world class quality 
standards and address environmental concerns 
will make the energy decision making process 
more complex in the future. Industry will �dopt 
energy efficient, productive, and cost-effective 
manufacturing processes that will enable them 
to compete effectively in a world market where 
product quality and customer satisfaction will 
determine success. To the extent natural gas 
and related equipment meet these criteria, fu­
ture growth in demand should be achieved. 

Today's industrial energy marketplace is 
the most competitive sector ser ved by the gas 
industry. Decision makers in the industr ial 
segment are sophisticated energy and process 
equipment buyers having a wide range of al­
ternatives from which to select. At the indus­
trial end-user level, the gas industry faces in­
creasing competition for the industrial process 
market where gas has been traditionally the 
preferred option. Electric technologies, cham­
pioned by the electric industry, threaten to dis­
place natural gas. Suppor ting the adoption 
and use of high efficiency gas equipment is 
the approach that the gas industr y needs to 
take to counter this threat. 

While competition by other energy 
sources is for midable, oppor tunities exist to 
expand the consumption of natural gas in the 
industr ial market sector. The Clean Air Act 
Amendments of 1 990 provides an opportunity 
for the industrial sector to take advantage of al­
lowance trading. Emission control, waste recy­
cling and remediation, as well as conversion of 
coal boilers to natural gas or co-firing are in­
stances where industr ial facilities may create 
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valuable emission allowances for trading. The 
value and incentive to encourage the creation 
of credits will vary by industry and region but 
may provide an incentive for gas penetration 
into markets where gas is less than fully uti­
lized. 

Significant opportunities are also pre­
sented by the potential for gas-fired cogenera­
tion systems to meet electric generation re­
quirements, while providing steam process 
heat as part of an overall efficient system. Se­
curing "steam hosts" will aid in developing this 
opportunity. 

Other niche market opportunities within 
the industrial sector that can be realized by 
substituting natural gas processes for electric 
energy requirements are: ( 1 )  gas engine drive 
for air compressors and process chilling; (2) 
gas rapid heating technology for preheating 
parts prior to induction heating; (3) new tech­
nologies such as the gas vacuum furnace to 
compete head to head against electric units in 
areas where they hold large market shares; and 
(4) displacing coke in existing steel blast fur­
naces. 

The opportunities and risks for the gas in­
dustry are more apparent in the industrial mar­
ket than in the other major sectors. The combi­
nation of  gas industry marketing ability 
interlinked with new enct.-user technology is 
the key to maintaining the gas option in the in­
dustrial market. 

In the industrial market , it is recom­
mended that the gas industry: 
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• Aggressively pursue opportunities to con­
vert industrial facilities to natural gas by 
demonstrating the capability of gas pro­
cesses to provide environmental, operat- · 
ing, quality, and productivity benefits in 
comparison to the customer's existing 
coal, electric, or fuel oil. 

• Provide added value to the customer by 
providing information on the most efficient 
use of the product, through education on 
newly emerging gas technologies, and by 
assistance in obtaining necessary govern­
mental permits. 

• Leverage its resources by encouraging in­
creasing participation in gas industry ini­
tiatives, such as the Industrial Gas Tech­
nology Commercialization Center. 

Electric Generation 

The potential for increased consumption 
of natural gas for electric generation is attract­
ing considerable attention in the natural gas 
and electric industries, and among government 
officials, including regulators. Several factors 
contribute to this attention: 

• Electric usage accounts for a large and 
growing share of the U.S. energy demand. 

• Natural gas has important environmental 
advantages over competing fuels in the 
electric generation market. 

• Advanced gas-fired generating units, par­
ticularly combined-cycle units, have high 
efficiency; low capital and non-fuel operat­
ing costs, and can be constructed more 
quickly and in relatively small economi­
cally sized units. 

Over the past 20 years, natural gas's share 
of the electric power generation market shrank 
from 21.5 percent to 9 .4 percent. This decline 
was largely due to: 

• High gas prices in the late 1 9 70s and 
early 1 980s, and a belief in the 1 970s that 
the nation was running out of natural gas, 
which prompted the passage of the Power 
Plant and Industrial Fuel Use Act . That 
Act, now largely repealed, restricted the 
use of natural gas. 

• The construction and completion of large, 
baseload coal and nuclear units in the late 
1 970s and early 1 980s. Coal's share of the 
generation market increased from 44. 1 
percent to 54.9 percent over the last 20 
years and nuclear rose from 3. 1 percent to 
2 1 .7 percent. 

The potential for natural gas to have an in­
creased role in the electric generation sector 
varies widely among sites (due, for instance, to 
the distance from a pipeline) , applications, and 
companies. Positive influences toward increas­
ing the demand for natural gas in the electric 
generation market include : Cle an Air Act 
Amendments; substantial repeal of the Power 
Plant and Industrial Fuel Use Act; competitive 
gas prices; growing public opposition to coal­
fired generation; environmental externalities fa­
voring gas over alternative fuels; declining ex­
pectations for nuclear generation; concern 
over dependence upon imported oil; growing 
confidence in the adequacy of long-term gas 



supplies; and regulatory modifications to in­
crease competition among companies in the 
gas industry. 

NPC Reference Cases 1 and 2 suggest an­
nual gas consumption for electric generation 
could increase to between 5 .4  TCF and 4.9 
TCF, respectively, by the year 20 1 0. These in­
creases are predicated on the assumption that 
the natural gas industry will be allowed to com­
pete for the electric utility market on an equal 
basis with other generation options. A further 
key assumption behind any projection of gas 
penetration in the electric market is the annual 
electricity demand growth rate. If slower than 
assumed economic growth persists or electric 
demand side management activities acceler­
ate, then the annual growth rate for electricity 
demand will likely fall below the 1 .3 percent as­
sumed in Reference Case 2 ,  and increases in 
the demand for natural gas may consequently 
not materialize. Conversely, a more vigorous 
economic growth assumption can increase de­
mand for electricity, and thus enhance the role 
of gas. 

Opportunities for increasing the use of 
natural gas in electric generation include: 

• Restarting existing gas-fired units or using 
gas-fired generating units at higher load 
factors 

• Adding gas-burning capabilities in exist­
ing coal- and oil-fired units to gain fuel 
flexibility and/or meet environmental re­
quirements 

• Repowering existing generating facilities 
currently using oil or coal 

• New gas-fired baseload, intermediate, or 
peaking units, built by traditional utilities 
or Independent Power Producers 

• Commercial and industrial cogeneration 
and self-generation 

• Repowering uncompleted or retired nu­
clear generating units. 

Although significant opportunities exist for 
increasing the use of natural gas for electric 
generation, important challenges remain, in­
cluding: 

• Stiff competition from other energy 
sources, with wide variation among sites, 
applications, companies, distances from 
pipelines, and regions 

· 

• The need to understand factors affecting 
electric generators' fuel choices and to 
understand and respond to electric gener­
ators' concerns, needs, perceptions and 
expectations; in particular: 

- The need to satisfy potential customers 
that the delivered cost of natural gas, in­
cluding the cost of gas transportation, 
will continue to be competitive with 
other energy sources and with potential 
demand-side measures 

- The need to satisfy potential natural gas 
customers that supplies will be avail­
able when needed and in the volumes 
and at the pressures required to meet 
variability in electric generation. 

To deal with these challenges, it is recom­
mended that the gas industry: 

• Enhance its capability to analyze potential 
electric generation markets and take ap­
propriate action to ensure that the people 
responsible for marketing gas supply, 
transportation, storage, or other services 
to electric generation customers under­
stand clearly the factors affecting fuel 
choices, the economics of alternatives 
available to the customer and the cus­
tomer's decision-making process. 

• Recognize and address the perceptions 
and concerns of potential electric genera­
tion customers, particularly with respect to 
ensuring reliability of future gas supplies, 
dependable delivery of the supplies to cus­
tomer's premises, and competitiveness of 
delivered gas prices with other alternatives. 

• Work with individual electric generation 
customers to shape the terms and condi­
tions of gas supply, transportation, and 
storage contracts to meet the particular 
needs of the customer. 

• Increase its communications with the elec­
tric generation industry at all levels and 
find ways to work more cooperatively for 
the benefit of gas and electric customers. 

Natural Gas V ehicles 

There are an estimated thirty million fleet 
vehicles in the United States and over one-third 
of these are located in ozone non-attainment 
are as as def ined by the Cle an Air Act 
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Amendments. U.S. fleet vehicles consume an 
equivalent of 2 TCF per year of liquid fuels. An 
increase in the number of dedicated natural 
gas vehicles (NGVs) will be necessary for gas 
to reach its full potential in the fleet market. 

Natural gas is an environmentally and eco­
nomically appealing fuel for urban fleet usage. 
Natural gas is the cleanest alternative fuel for 
internal combustion engines (vs . ,  e . g. ,  
methanol, alcohol, and blends), generating 99 
percent less carbon monoxide than gasoline. 

In order for NGVs to penetrate the private 
vehicle market, several obstacles will have to 
be overcome. The American consumer will 
demand the same dependability; convenience, 
and flexibility as that afforded by gasoline pow­
ered vehicles. The fact that most natural gas 
vehicles currently in use are limited to a range 
of 1 00 to 200 miles suggests the advisability of 
increasing the number of accessible refueling 
facilities and/or increasing the range of the ve­
hicles. The infrastructure to support NGVs is 
lacking. Currently; there are 530 private refuel­
ing stations located in the continental 48 states 
and less than 200 of these offer compressed 
natural gas (CNG) to the general public. This 
situation stems from the old "chicken and egg" 
problem, i.e., which comes first , the vehicles or 
the infrastructure? The industry needs to work 
with vehicle manufacturers and CNG suppliers 
to expand the infrastructure and the vehicle 
penetration. 

Natural gas vehicles are currently ex­
empted from road-use taxes.  The industry 
needs to work with state governments to  
maintain equitable road-use tax treatment for 
all alternative-fueled vehicles. 

For the purposes of the Reference Cases 
for this study; a modest penetration by the year 
20 1 0  was assumed. This results in a consump­
tion rate of 1 40 BCF. A high penetration sensi­
tivity case was run that projected fleet con­
sumption to grow to 540 BCF in the year 20 1 0  
and the private passenger car market to grow 
to 1 00 BCF per year. 

In the area of NGVs, it is recommended 
that the gas industry: 
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• Work together with the auto manufacturers 
to ensure that future NGVs provide the 
same dependability; convenience, flexibil­
ity; and range as gasoline vehicles. 

• Provide adequate and accessible refuel­
ing facilities to the public where economi­
cally feasible. 

• Become a leader in the use of NGVs in or­
der to demonstrate the advantages of nat­
ural gas as a transportation fuel. 

TECHNOLOGY 

Effective natural gas research, develop­
ment, and demonstration (RD&D) and commer­
cialization are crucial to increasing the impact 
of new technologies. This study has concluded 
that the current collective natural gas RD&D ac­
tivities are inadequate and commercialization is 
the weakest element. In order to improve its 
ability to commercialize new technologies, the 
gas industry needs to: ( 1 )  recognize the role of 
RD&D and provide adequate support ; (2) be­
come more market driven; (3) identify and sat­
isfy the needs of the customers; and (4) con­
vince regulatory agencies to support natural 
gasRD&D. 

The technologies related to natural gas 
distribution and end use continue to evolve. 
However, efforts already underway are not suf­
ficient for natural gas to reach its full potential in 
the nation's energy mix. Current research and 
development programs are inadequate. Even 
more serious is the history of feeble efforts at 
commercialization of successful RD&D results. 
Finally; there is simply insufficient funding of 
gas RD&D for major progress to be made in 
the frontier technologies. The major new mar­
kets for natural gas being explored are NGVs, 
commercial cooling, residential heat pumps, 
improved power generation, fuel cells, and se­
lected commercial and industrial applications. 
Each of these applications may offer environ­
mental benefits and generally tend to increase 
overall gas load factors .  However, the high 
costs of developing, evaluating, and demon­
strating these technologies are not met by cur­
rent funding levels. 

As discussed in Chapter Seven, 1992 in­
vestment in natural gas technologies is esti­
mated to total $750 million.  Of this amount, 
approximately $320  million (excluding De­
partment of Defense expenditures) is dedi­
cated to end-use and distribution technolo­
gies (with 92 percent of the total allocated to 
end uses) . The sources of the funds are: dis­
tribution companies ( 14 percent) , equipment 



manufacturers (3 1 percent), Gas Research In­
stitute (30 percent), Department of Energy (25 
percent) , and other (1 percent). RD&D efforts 
need to be significantly increased through ad­
ditional funding. 

In the area of technology, it is recom­
mended that the gas industry: 

• Pursue federal government funding for a 
sustainable natural gas research, develop­
ment, and demonstration program at a 
level of about $250 million per year to 
achieve the technology advancement nec­
essary to allow natural gas to expend its 
contribution to the national energy mix. 
This level of funding is consistent with the 
supporting documentation of the recent 
National Energy Strategy and several re­
cent studies, including those by the Wash­
ington Policy Analysis Group and the 
American Gas Association. 

• Utilize natural gas for its own facilities, 
wherever economical, in order to demon­
strate the benefits of natural gas to poten­
tial customers. 

• Win regulatory support in the form of re­
covery through IDC rates for reasonable 
RD&D and commercialization expenses. 

OVERALL DEMAND .AND DISTRI­
BUTION RECOMMENDATIONS 

An increased contribution of natural gas to 
the nation's energy supply can be accom­
plished by focusing efforts on the industrial, 
electric generation, and frontier technology 
markets, while at the same time improving ser-

vices to the traditional core market, the resi­
dential and commercial customer classes. 

In order to accomplish this, it is recom­
mended that the gas industry: 

• Identify individual customer needs, deter­
mine opportunities and risks, and develop 
the products and services to meet the 
customer's  needs and maximize the 
provider's opportunities. 

• Convince regulators to eliminate cross­
subsidies between customer classes, 
where it exists, so that e ach customer 
class pays the appropriate cost of service. 

• Promote the use of efficient gas technol­
ogy by all of its customers to lower overall 
energy bills and thus make gas more 
competitive. 

• Select people with appropriate marketing 
skills and b ackground who are well 
equipped to fashion strategies to meet the 
needs of particular customers. 

• Improve the marketing capability of its 
people within each sector by providing 
additional technical and sales training. 

• Move from a regulatory-oriented ap­
proach to a customer-oriented vision by 
focusing on excellent service to all cus­
tomers. 

• Convince regulators to allow IDCs to re­
cover through rates those prudently in­
curred marketing expenses that lead to 
additional throughput. 

• Find a way for the various segments of the 
industry to speak with one voice on issues 
of common interest. 
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BACKGROUND 

HISTORICAL OVERVIEW 

Natural gas has been consumed as a fuel 
in this country since 1 8 1 6, when gas manufac­
tured from coal was used to illuminate the 
streets of Baltimore, Maryland. Consumers of 
gas in the 1 800s burned gas produced or man­
ufactured locally; as the technology to transport 
gas long distances did not yet exist. A national 
market, supplied by interstate pipeline transmis­
sion systems, began to evolve in the 1 920s with 
the development of seamless welded pipe. This 
technology provided industrial and residential 
markets access to huge remote supplies of nat­
ural gas, and the location of the supply relative 
to the end-use market decreased in importance. 
The production and consumption of manufac­
tured gas steadily declined in light of the avail­
ability of the less expensive ''natural'' gas· alter­
native. The gas market continued to evolve and 
grow over the next 50 years, in spite of major 
wars, economic recessions, and regulatory en­
actments. From a national consumption level of 
2 TCF in 1 930, annual gas consumption grew to 
a peak of 22 TCF in 1 972, before artificially in­
duced retrenchment-first in supply, then in de­
mand-caused consumption to recede. The fu­
ture demand for natural gas has grown brighter 
since the virtual deregulation of production oc­
curred following the 1 978 passage of the Natural 
Gas Policy Act (NGPA) and the opening of the 
nation's transmission systems. 

Natural Gas Act of 1938 
As already noted, the invention of seam­

less welded pipe made the long distance trans-

N ISSUES 

mission of natural gas possible and provided 
interstate markets for the large gas discoveries 
of the 1 920s and 1 930s. To cover the "regula­
tory gap" thus created upstream from the state 
regulate d  loc al distribution comp anies, 
Congress passed the Natural Gas Act in 1 938. 

Phillips D ecision 

The Federal Power Commission (FPC, 
forerunner of the Federal Energy Regulatory 
Commission) did not regulate the price of gas 
at the wellhead in the years immediately follow­
ing the passage of the Natural Gas Act . The 
Supreme Court ruled, however, in its 1954 
Phillips! decision that the Natural Gas Act re­
quired regulation of the price of natural gas at 
the wellhead. 

The FPC developed various schemes to 
regulate the wellhead price of gas, as the bur­
den of regulating each individual gas contract 
on a cost-of-service basis was administratively 
overwhelming. The regulators erred on the 
side of low gas prices, and, by the late 1 960s, 
the price of new production sold into the price­
unregulated intrastate market began to rise 
above the price of newly contracted interstate 
gas. The effect of artificially low interstate gas 
prices stimulated demand, yet discouraged 
natural gas exploration activities.· By the early 
1 970s, spot shortages of gas began to appear 
and industrial users became subject to fre­
quent interruption. During the harsh winter of 

1 Phillips Petroleum Co. v. Wisconsin, 347 U.S. 672 
(1954). 
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1 97 6-7 7 ,  the artificially induced shortage had 
become severe, and gas deliveries throughout 
the Northeast, Midwest, and Mid-Atlantic states 
were, to varying degrees, curtailed. 

Natural Gas Policy .Act of 1 978 
The emergency of the winter of 1 976-

1 977  produced an overall general consensus 
that legislative action was necessary to rem­
edy natural gas shortages. With that consen­
sus, and against a backdrop of competing in­
terests ,  Congress produced an incredibly 
complex series of compromises that became 
the 1 978 NGPA. 

The objective of the NGPA and its com­
panion legislation, the Power Plant and Indus­
trial Fuel Use Act, was to raise gas prices in or­
der to  encourage gas production while 
restricting its consumption by non-core market 
segments. Complete and immediate decontrol 
of wellhead prices was not achievable due to 
consuming states' concerns about the impact 
of a rapid price rise on their citizens. What 
passed was a "phased decontrol" of a complex 
array of different categories of gas. 

The higher prices for new gas after the 
passage of the NGPA did encourage the search 
for and production of new gas reserves. Inter­
state pipelines and local distribution compa­
nies (IDCs) , inspired by a dread of continued 
shortages, hastened to contract for this supply 
regardless of cost .  The higher gas prices, 
however, discouraged demand. The net effect 
of the reserve additions arising from the new 
drilling, the demand erosion from conservation 
due to higher prices, the restrictions on end­
use gas consumption, and an economic reces­
sion, was that by the early 1 980s the gas supply 
shortage had become a gas supply surplus. 
The prices being paid for gas by pipelines 
(and LDCs) under long-term contracts began 
to exceed the market clearing price of gas. In­
dustrial customers who could switch to alter­
nate fuels did so, thus further depressing gas 
demand. Proposals to allow access to spot 
market gas to serve industrial users that would 
otherwise switch to alternate fuels were pro­
posed by the pipelines and approved by the 
Federal Energy Regulatory Commission 
(FERC) as ' 'special marketing programs.' '  

In a 1 985 case before the D.C. Court of 
Appeals, Maryland People's Counsel v. PERC. it 

1 2  

was found that such preferential access to spot 
market gas was discriminatory, and the FERC 
was directed to respond by providing non­
discriminatory access. The FERC responded 
with Order 436. This order, issued in October 
of 1 985, required that pipelines provide non­
discriminatory access to transportation sys­
tems and services .  As pipelines began to 
transport spot gas for resale customers under 
this order, they displaced their own sales gas, 
and their " take-or-p ay "  liabilit ies t o  
producers,2 already large, mushroomed. 

FERC Orders 500 and 528 

FERC Order 500 allowed pipelines to "di­
rect bill" a portion of their take-or-pay costs to 
LDC customers on the basis of past purchase 
levels from the affected pipelines .  Litigation 
between the D.C. Court of Appeals and the 
FERC, in which the Court, after having first in­
validated the "direct bill" provision of Order 
500 due to the retroactive nature of the direct 
bill, agreed to the substitute allocation method 
promulgated by the FERC in Order 528. 

FERC Orders 636, 636.A, and 6368 

FERC Orders 636, 636A, and 636B virtu­
ally eliminate the pipeline merchant functions. 
This transfer of gas purchasing responsibilities 
suggests that the LDCs must enhance their gas 
supply market intelligence,  contracting and 
contract administration skills, planning capabili­
ties, and monitoring abilities. They must also 
adopt a least cost portfolio approach to gas 
purchasing to minimize risks and maximize 
value to their customers. 

State regulators have now inherited the 
regulatory oversight responsibility for gas sup­
ply from the FERC. This task will require the 
regulators and LDCs to work together to evalu­
ate risks, price trends, and security of supply 
and avoid pitfalls of hindsight regulation. Pur­
chase gas adjustment rules may have to be de-

2 Take-or-Pay contracts required pipelines to pur­
chase a minimum percentage of a well's deliverability 
and to pay for the gas regardless of whether or not it took 
the gas (subject to certain opportunities to take the gas 
later). Pipelines entered contracts with these provisions 
during the shortages when they could not bargain with 
producers on price because of the maximum lawful price 
caps. These take-or-pay obligations had been largely 
offset by minimum commodity bills to the pipelines' cus­
tomers. 



veloped that encourage creativity in supply 
portfolio development and open communica­
tion to maximize benefits for all concerned. 

Conclusion 

This history of market intervention is at the 
root of many of the marketing problems faced 
today by natural gas. Public [mis]perceptions 
of gas as a scarce and costly fuel, prone to de­
liverability problems and subject to regulatory 
snarl-ups, will be difficult but not impossible to 
overcome. This NPC study sets the stage for 
the gas industry, its regulators, and government 
to change the way of doing business and to 
create an environment where natural gas may 
flourish. 

Figures 1 - 1  through 1 -3 provide a histori­
cal perspective of the demand for natural gas. 
Figure 1 - 1  shows the historical breakdown of 
gas demand by market sector, while Figure 1-2 
displays the total natural gas consumption over 
the same time period. Figure 1 -3 illustrates the 
historical regional composition of end-use nat­
ural gas consumption. 

BACKGROUND AND 
FUNDAMENTALS 

In the gas industry; the ''distribution sys­
tem" is defined as that portion of the gas deliv-
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ery pipeline network that is owned, operated, 
and maintained by LDCs. 

Several important physical features of the 
upstream gas supply and delivery system may 
be helpful to understand before outlining the 
principal issues related to distribution systems. 

Natural gas is produced from wells that 
are operated by ''producers.' '  A significant but 
declining portion of natural gas is produced 
from wells that also produce crude oil (called 
associated gas) . In the early years of oil pro­
duction, associated gas was often vented since 
it had no commercial value. Venting ended as 
soon as gas end uses and the pipeline infra­
structure developed. In other cases, gas was 
and still is re-injected to maintain pressure and 
enhance oil production. Natural gas from a 
group of wells is pooled through a "gathering 
system" and "processed" before being deliv­
ered to the pipeline system (the "pipegate") . 
Processing includes:  (a) removal and disposal 
of undesirable gases such as carbon dioxide, 
(b) separation for resale of hydrogen gas and 
natural gas liquids with commercial value, and 
(c) separation of undesirable "liquids" from the 
gas such as water. 

This "dry gas" is then compressed at 
pressures ranging from 300 to 800 pounds per 
square inch and above, and delivered by 
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Figure 1- 1 .  End-Use Consumption of Natural Gas by Sector-1 930- 1 990. 
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Figure 1-2. Natural Gas Consumption and Production-
1 930- 1 990. 
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pipeline companies to the demand centers 
(I.DCs or direct sale customers) . The actual gas 
molecules travel approximately 1 5  miles/hour in 
pipeline mains which usually range from 24" to 
42" in diameter. Compressors usually use a por­
tion of the gas to compress and transport the gas 
to its final destination (shrinkage) . The physical 
point at which the gas is metered and an I.DC 
normally takes legal possession of the gas from 
the pipeline company into its distribution system 
is called the "citygate: '  When pipeline compa­
nies finally deliver the gas to the citygate, the gas 
pressures are reduced somewhat (usually below 
300 pounds per square inch) and the odorless 
natural gas is odorized before delivery into the 
distributor system "mains: ' Smaller service lines 
extending from gas mains deliver lower pressure 
gas to end-use customers. The service line 
pressures are usually very low for 
residential/commercial customers and higher for 
large volume industrial customers and electric 
generation steam units. 

SERVICES PROVIDED BY LDCS 

I.DCs broadly categorize their sales and 
transportation service customers into two 
classes: "firm" and "interruptible: •  I.DCs pro­
vide at least three types of services: sales 
(firm and interruptible) , end-user transporta­
tion (firm and interruptible) , and "balancing: • 
A balancing service is usually associated with 
end-user transportation where the customer of 
the I.DC is responsible for delivering gas to the 
citygate. In situations where the customer con­
sumes gas in an amount unequal to that deliv­
ered into the distribution system on behalf of 
his account, a "balancing" service is required 
from the IDC to reconcile the difference. 

Typically, firm sales customers (also 
known as the core market) comprise the group 
of customers for which no short-term alterna­
tive to gas service exists. These customers are 
dependent on the LDC to provide uninter­
rupted service, even under the most extreme 
of weather conditions. Due to the health and 
welfare aspects of core service, and due to the 
impact changes in rates or services can have 
on core customers, state Public Service Com­
mission (PSCs) are particularly responsive to 
the needs of core customers. 

The definition of "flilD service" is evolving 
among some I.DCs and PSCs in response to the 

changing conditions of the U.S. gas market . 
Firm service now includes services of durations 
less than 365 days per year. For example , 
some contracts are currently being written by 
gas utilities that guarantee 335 days of firm ser­
vice to an electric utility or non-utility generator, 
while retaining rights to the capacity as needed 
to serve peak day needs of firm core customers 
for up to 30 days annually. Specification of the 
duration of firm service provides the needed 
assurance required by non-utility generators 
and other electric generators in order to take 
advantage of seasonal price variations. Such 
arrangements may become more common if 
seasonal pricing is permitted and encouraged. 

Interruptible gas customers ("the non­
core market") are those customers who are 
usually much more price sensitive and who re­
ceive a lower quality service in exchange for 
lower prices. The lower quality service is usu­
ally based on either: (a) a firm commitment for 
service when capacity is available, or (b) an in­
terruption of service at or below some pre­
scribed temperature which is set prior to the 
beginning of the winter season. The design 
concept behind interruptible service is that 
service to interruptible customers: ( 1 )  allows 
the I.DC to "levelize" its throughput at a higher 
load factor, (2) provides some revenues that 
otherwise would not be realized, and (3) does 
not create a need for new peak day and peak 
season deliverability. It should be noted that in­
terruptions based on the quality of service 
elected by the customer must be distinguished 
from "curtailments: ·  which are unplanned inter­
ruptions of service inconsistent with the kind of 
service selected. 

A majority of large LDCs have unbundled 
gas sales service and now _offer a range of ser­
vices such as gas transportation (firm and in­
terruptible) , contract storage , balancing, etc. 
These services allow end users, particularly 
large volume end users, to contract for only 
those services required to meet their needs. 
Service offerings at the LDC level will continue 
to evolve to meet customer needs and compet­
itive pressures. 

DESIGN OF DISTRIBUTION 
SYSTEMS 

The sizing of IDC pipeline capacity is de­
termined by the requirement thaf an IDC must 
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satisfy all firm gas requirements on demand. In 
sizing LDCs' new and replacement mains and 
services, I.DCs and their regulators have gen­
erally understood that system mains and ser­
vices should be somewhat oversized to ensure 
reliability of service and allow for some fore­
seeable expansion. Some over-capacity is usu­
ally the rule rather than the exception. The ex­
tent of permitted over-capacity depends on the 
particular regulators and re�on of the 

.
country: 

The relative mix and magmtude of firm de­
mand versus interruptible demand varies by 
region; such customer mix differences will also 
have an important bearing on whether the 
over-capacity with respect to flrm requirements 
will suffice to cover interruptible load as well. 
For example, many utilities in New York and 
Michigan can provide year-round distribution 
service to all existing firm and interruptible 
customers as long as the gas can be delivered 
to the city gate. Some I.DCs are not curre�tly 
in a position to provide additional peak serVIce 
beyond existing fum service. 

Generally; distribution companies are re­
quired to build and maintain distribution sys­
tem capacity (and plan and contract for ade­
quate fum supplies and pipeline transportation 
capacity) sufficient to meet firm customer, 
peak day and peak season gas demand under 
severe, design weather conditions . In New 
York state, for example, the design criteria re­
quire that LDCs be able to satisfy all fum de­
mand at temperatures last experienced during 
the winter of 1 933-34-the coldest winter sea­
son this century in New York. Design weather 
supply planning criteria vary from state to state 
and from LDC to LDC. 

DISTRIBUTION SYSTEM ISSUES 

The principal issues related to distribution 
systems are discussed below. 

Adequacy of Distribution Capacity 
LDC distribution system capacity is cur­

rently designed to meet flr� customer loa�s 
without exception under design weather condi­
tions. The definition of design weather condi­
tions varies by state as does the mix of cus­
tomers served by gas within e ach state .  
Consequently; distribution system capacity is 
adequate to meet fum core loads, but may or 
may not be adequate to meet all interruptible 

1 6  

gas customer load under design weather con­
ditions. 

Construction expenditures in the delivery 
infrastructure in the $6- 1 0 billion range per 
year will be needed to accommodate �h� 
growing gas customers and de�and antici­
pated in this report. Such expenditures are oc­
curring today (over $9 billion in 1 99 1  and over 
$ 1  0 billion projected for 1 992) and will con­
tinue to occur to the extent necessary to ensure 
that the adequacy of the storage and delivery 
infrastructure will not be a constraint in the fu­
ture. The recent history of the gas industry has 
demonstrated an ability of the industry to com­
mit the capital necessary to expand the distri­
bution and storage system to satisfy rapidly 
growing demand. 

Physical Condition of the 
Distribution Systems 

Distribution systems are in a state of con­
stant maintenance and upgrade to ensure sys­
tem reliability. However, differences among 
state PSCs and differences in the urgency for 
repairs in the distribution systems account for 
differences in allowed expenditures. No evi­
dence was found of any national distribution 
system problems. However, the permitt�� an

.
d 

construction of new or replacement facilities IS 
becoming more difficult and expensive as a 
consequence of various growth management, 
building code , and environmental require­
ments. 

Cost Reductions and Efficiencies 
In addition to providing natural gas pro­

curement and transportation services for cus­
tomers , LDCs are responsible for metering, 
billing, customer service, and energy-efficiency 
programs. The continuing challenge for LDCs 
is to seek opportunities to streamline processes 
or procedures, reduce costs, improve operating 
efficiencies, and expand needed service offer­
ings. The benefit of these efforts will be in­
creased customer satisfaction and more com­
petitive natural gas services. 

Incentive Rate Concepts 

Cost-of-service regulation directly ties the 
rates or prices that can be charged for a ser­
vice to the allowed costs of providing that ser­
vice. As such it is intended to encourage the 



affected LDC to invest the money necessary to 
provide the highest quality service to the cus­
tomer. Allowed costs include operating and 
maintenance costs, general and administrative 
costs, depreciation, interest , taxes, and return 
on capital. 

Incentive rate structures are designed to 
counteract many of the deficiencies inherent in 
cost-of-service regulation. In so doing, how­
ever, they may create new problems of their 
own. Among the incentive rate mechanisms 
widely discussed are the following: 

• Price Caps: Rates are initially determined 
based on cost of service, but periodically 
changed by a predetermined index. 

• Zone of Reasonableness: A range of re­
turns is established within which the com­
pany is encouraged to operate. 

• Bounded Rates: Bounded rates establish 
an upper bound based on the marginal or 
replacement cost of the service and a 

lower bound based on some appropriate 
criteria . Since the company is free to 
charge any price within these boundaries, 
productive efficiency is achieved while si­
multaneously achieving allocative effi­
ciency. 

• Efficiency Gains: This is a sharing mech­
anism that , in general, focuses on parame­
ters that are easily measurable, e .g. , oper­
ating costs or throughput. The benefits or 
costs of any measurable change in these 
parameters are shared among the cus­
tomer and the company on a predeter­
mined basis. 

• Incentive Rates of Return: The regulated 
company is awarded an incentive return, 
e .g. , a one-quarter percent higher return 
on equity; for achieving a specific perfor­
mance level. 

Incentive regulation is discussed in Volume V -
Regulatory and Policy Issues. 
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At the request of the National Petroleum 
Council, an analysis of the demand for natural 
gas by the residential sector was conducted. 
Input on the subject was obtained from the Re­
gional Reports of the Demand and Distribution 
Task Group; these reports were generally de­
veloped by participants from the local gas dis­
tribution companies (LDCs) serving the re­
gions.  Additional information was also 
obtained from governmental , industry, and 
trade sources. 

Residential gas consumption includes sin­
gle family and multi-family units as well as mo­
bile homes. Single family homes include both 
townhouses and detached houses. Multi-family 
units include apartments, condominiums, and 
various other types of multi-unit arrangements. 
Table 2- 1 presents an Energy Information Ad­
ministration table summarizing residential en­
ergy consumption, based on information ob­
tained from Housing Characteristics 1 990. 1 

There are some significant differences be­
tween the space conditioning (heating) equip­
ment and consumption characteristics of the 
single family and multi-family sectors. Town­
houses and detached houses are typically 
served by individual appliances for space con­
ditioning and hot water purposes. Energy in­
teraction between units tends to be minimal. A 
single family Heating, Ventilating, and Air Con­
ditioning system (HVAC) will typically consist 
of relatively simple duct work and a furnace or 

1 Energy Information Administration, Housing 
Charactelistics 1990, DOE/EIA-0314(90) . 
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boiler. In comparison, both central systems 
and individual systems are used in the case of 
the multi-family sector. These multi-family 
HVAC systems tend to be more complex than 
is the case for single family housing, with a va­
riety of fans, pumps,  control systems , duct 
work, and equipment options being possible. 
The energy consumption characteristics of 
multi-family units frequently involve interaction 
among units in terms of heat flows. Accord­
ingly; an analysis of a multi-family building will 
focus to a greater degree on heat flows, equip­
ment options , and interactions than will the 
analysis of a residential single family unit. Also, 
in multi-family buildings the installation of cen­
tral space heating and cooling systems is now 
declining in preference relative to individual 
systems. In many cases, owners and develop­
ers are installing individual systems for each 
dwelling unit to shift the cost of the utility from 
the owner to the occupier of the space. 

RESIDENTIAL: AN OVERVIEW 

Energy Consumption and 
Expenditures 

There appears to be general agreement 
that regardless of the increased focus on mar­
keting activities, changes in the residential de­
mand for natural gas will be relatively minimal in 
forthcoming years as conservation offsets this in­
creased growth. Table 2-2 and Figures 2-1 and 
2-2 summarize a number of recent residential 
projections. The outlook for residential gas con­
sumption is basically projected to be constant. 
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TABLE 2·1 

PRELIMINARY ESTIMATES OF ENERGY CONSUMPTION AND EXPENDITURES 
FROM THE 1990 RESIDENTIAL ENERGY CONSUMPTION SURVEY 

Households Total Average Average 
Using the Total Expend· Consumption Expenditures 

Type of Housing Energy Consumption itures per per 
Unit and Energy Source (Quadrillion (Bill ion Household Household 
Source (Mill ion) BTU) Dollars) (Million BTU) (Dollars) 

All 
Households 94.0 9.3 1 1 0.5 98:6 1 , 1 76 

Electricity 94.0 3.0 71 .6 32.3 761 
Natural Gas 57.7 4.9 27.5 84.9 476 
Fuel Oil 1 1 .7 1 .0 7.7 84.0 654 
Kerosene 5.3 0.1 0.6 1 1 .5 1 09 
LPG 8.2 0.3 3.2 35 .2 390 

Single-family 64.4 7.2 85.2 1 1 1 .3 1 ,323 

Electricity 64.4 2.4 55.6 37.0 864 
Natural Gas 39.5 3.8 20.6 95 .0 521 
Fuel Oil 8.2 0.8 6.1 92.4 736 
Kerosene 4. 1 * 0.3 8.6 82 
LPG 6.2 0.2 2.5 37.6 4 1 1 

Mobile Home 5.2 0.4 5.3 77.3 1 ,008 

Electricity 5.2 0.2 3.5 31 . 1  674 
Natural Gas 2.0 0.2 0.8 74.6 397 
Fuel Oil 0.4 * 0.2 49.5 409 
Kerosene 0.9 * 0.2 24.8 233 
LPG 1 .7 0.1 0.6 29.7 345 

Multi-family 24.4 1 .7 20. 1 82.3 822 

Electricity 24.4 0.5 1 2.4 1 9.9 509 
Natural Gas 1 6.2 1 .0 6. 1 61 .6 374 
Fuel Oil 3. 1 0.2 1 .47 65 .6 463 
Kerosene 0.3 t t t t 
LPG 0.4 * 0.1 1 9.4 254 

Data in this table are representative of the total U.S. 
These data will differ from similar data collected on EIA's supply surveys because of differences in 

certain survey and/or statistical methodologies between the 1990 Residential Energy Consumption Survey 
(RECS) and the supply surveys. For a more detailed discussion of these differences, see Energy 
Information Administration, Housing Characteristics 1990, DOEIEIA..031 4{90}. 

* Less than 0.05. 

t Data withheld because the observations were insufficient in the statistical sample to provide 
meaningful data. 

SOURCE: Preliminary data. Energy Information Administration, Office of Energy Markets and End 
Use, Forms EIA-457 A through G of the 1990 Residential Energy Consumption Survey (RECS). 
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Figure 2-1 .  Residential Gas Demand Projections. 
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SOU RCES: AGA: American Gas Association, TERA Base Case 1 992. 
E IA: Energy I nformation Administration, "Annual Energy Outlook 1 992. " 

GRI :  Gas Research Institute, GRI Baseline "Projection of U.S.  Energy Supply 

and Demand, 1 992 Edition (August 1 991 ) . "  

N PC: National Petroleum Counci l .  

Figure 2-2. Residential Gas Price Projections. 
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TABLE 2-2 

RESIDENTIAL GAS DEMAND AND PRICE PROJECTIONS 
(Quadri l l ion BTU and 1 990 Dollars per MCF, Delivered) 

1 990* 1 995 2000 201 0 
Demand Price Demand Price Demand Price Demand Price 

AGA 4.50 $5.77 4.86 $6. 13  4.91 $6.71 4.95 $8.00 
EIA 4.50 $5.77 5.01 $6.20 4.94 $6.92 4.71 $8.92 
GRI 4.50 $5.77 4.68 $6.06 4.64 $6.65 4.48 $8.02 
Reference 

Case 1 4.50 $5.77 4.90 $5.76 4.87 $6.81 4.92 $6.99 
Reference 

Case 2 4.50 $5.77 4.94 $5.41 4.80 $6.48 4.67 $6.83 

* 1 990 figures are not weather normalized 

SOURCES: AGA: American Gas Association, TERA Base Case 1 992. 

EIA: Energy Information Administration, Annual Energy Outlook 1992. 
GRI: Gas Research Institute, GRI Baseline Projection of U.S. Energy Supply and Demand, 1992 

Edition (August 1991}. 
NPC: National Petroleum Council. 

Changes in gas demand within the residential 
sector will be a ftmction of: ( 1 )  the effects of en­
ergy efficiency trends-due to Integrated Re­
source Planning (IRP) and equipment efficiency 
improvements; (2) the effect of price elasticity; 
(3) the level of new construction; ( 4) the relative 
market share that gas is able to capture; (5) new 
technologies; (6) possible fuel substitution in the 
equipment replacement markets;  and (7) the 
success of marketing activities. 

Residential Growth Rate Summary 
During the 1 980s the number of single 

family residential housing units nationally grew 
at a rate of 1 .0 1  percent per year.2 Current 
forecasts for the increase in the number of new 
residential units over the next 20 years are in the 
neighborhood of 1 percent per year. Offsetting 
the projected growth in gas demand due to the 
growth in the number of households is the de­
cline in the average gas consumption per 
household, recently at a rate of 2 . 1 percent. per 
year over the time period 1 980 to 1 990. Table 
2-3 summarizes housing and consumption data 
in recent years by NPC region. Attached in Ap­
pendix D are graphs of housing and consump-

2 Energy Information Administration, Housing 
Characteristics 1990, DOE/EIA-0314(90), Pg X. 
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tion by NPC region. The narrative will discuss 
uncertainties related to various projections. 

Historical Prices and Consumption 

Some analysts predict a continuation of 
the decline in energy use per household, 
based on continued reactions to historical 
price trends and in light of increasing efforts in 
Demand Side Management programs and IRP3 
by gas utilities. Natural gas prices in recent 
years have declined in real terms relative to the 
early 1 980s. The data in Table 2-4 and Figure 
2-3 provide a history of gas prices. Although 
there has been a decline in gas costs in recent 
years, conservation per household appears to 
have continued, possibly in response to the 
higher prices of the early 1 980s accompanied 
by the introduction of higher efficiency gas 
equipment and mandated equipment minimum 
efficiency requirements. An alternative view 
would conclude that the pace of efficiency im­
provements will decline, due to much of the po­
tential for efficiency improvements in the exist­
ing housing stock h aving alre ady been 
realized. Consumption per customer is pre­
sented in Figure 2-4 . It should be noted that 

3 Integrated Resource Planning is also denoted by 
Least Cost Planning (LCP). 



TABLE 2-3 

RESIDENTIAL GAS DEMAND: IMPORTANT DRIVERS 
CONTINENTAL UNITED STATES 

Consump- Average Average Number of 
Heating tion per Bill per Price Price Gas House- Number of 
Degree Customer Customer (current$/ ( 1990$/ holds Households 

Year Days (MCF) (1 990$) MCF) MCF) (Thousands) (Thousands) 

1 967 4,746 1 1 8.4 460.1  1 .04 3.89 36,425 59,5 1 0  

1 968 4,805 1 1 9.4 442.8 1 .04 3.71 37,248 61 ,01 8 

1 969 4,868 1 24.0 440.5 1 .05 3.55 38,082 62,337 

1 970 4,794 1 25.2 438.6 1 .09 3.50 38,589 63,538 

1 971 4,667 1 26.5 443.3 1 . 1 5  3.50 39,249 65, 1 95 

1 972 4,847 1 28.4 453.3 1 .2 1  3.53 39,860 67, 1 1 0  

1 973 4,420 1 20.0 422.2 1 .29 3.52 40,622 68,803 

1 974 4,532 1 1 5.3 41 4.7 1 .43 3.60 41 ,487 70,398 

1 975 4,589 1 1 8.4 464.2 1 .71 3.92 41 ,491 71 ,91 0 

1 976 4,868 1 22.3 522.5 1 .98 4.27 41 ,21 0 73,606 

1 977 4,739 1 1 6.4 552.4 2.35 4.75 41 ,336 75, 1 87 

1 978 5 , 1 1 1  1 1 7.0 561 .7 2.56 4.80 41 ,81 2 77,005 

1 979 4,929 1 1 4.4 587.2 2.98 5 . 1 3 43,322 78,562 . 

1 980 4,858 1 07.7 624.2 3.68 5.80 44,054 79,965 

1 981 4,653 1 01 . 1  621 .0 4.29 6. 1 4  44,858 81 ,691 

1 982 4,753 1 03.6 723.6 5 . 1 8 6.98 44,592 82,489 

1 983 4,758 96.9 761 .8 6.07 7.86 45,075 83, 1 60 

1 984 4,647 99.7 757.5 6.1 3 7.60 45,576 84,71 3 

1 985 4,772 95.6 700.7 6. 1 3  7.33 46,236 86,052 

1 986 4,430 91 .9 625. 1  5.84 6.80 46,779 87,233 

1 987 4,454 90.4 566.1 5.55 6.27 47,61 2 88,339 

1 988 4,798 95.4 567.8 5.47 5 .95 48,379 89,707 

1 989 4,875 96.9 568.8 5.64 5.87 49,21 3 90,947 

1 990 4, 1 27 87.4 503. 1 5.76 5.76 50,086 91 ,402 

Volume and price data derived primarily from the supply survey Form EIA-1 76, "Annual Report of Natural 
and Supplemental Gas Supply and Disposition." These data will differ from similar data collected in EIA's 
Residential Energy Consumption Survey (RECS) because of differences in survey and/or statistical 
methodologies. For a more detailed discussion of these differences, see Energy I nformation Administration, 
Housing Characteristics 1990, DOEIEIA.031 4(90). 

SOURCE: Energy Information Administration, Natural Gas Annual 1 990 Volume II (DOEIEIA 01 31 (90)/2, 
Dec. 1 991 ), Tables 1 5  & 1 7; Economic Report of the President, February, 1 992, Table 8-3; U.S. Dept. of 
Commerce, Bureau of the Census. 
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TABLE 2-4 

RESIDENTIAL GAS DEMAND: SIGNIFICANT FACTORS 
CONTINENTAL UNITED STATES 

1 875 1 880 1 885 1 890 
REGION 1 
population 1 2, 1 63 1 2,348 1 2,657 1 3,207 
households 4,086 4,362 4,683 4,943 
sales(MCF) 1 ,438,098 1 ,50 1 ,3 1 7 1 ,569,7 1 8  1 , 758,004 
gas % of total energy 1 5.80 1 8.50 1 9.70 20.60 
avg. gas prlos 7.25 8.7 1 9.67 7.88 
consumption per customer 86.7 9 1 .3 90. 1  92.9 

REGION 2 
population 25,34 1 24,923 25,307 25,720 
households 8,773 8,889 9,233 9,434 
sales(MCF) 4,659,258 4,81 6,722 4,855,845 5,249,374 
gas % of total energy 30.70 34.00 34.90 36.90 
avg. gas prlos 5.92 7.85 9. 1 6  7.09 
consumption per customer 84. 1  89.3 84.3 86.4 

REGION 3 
population 24,228 24,6 1 0  25, 1 40 25,91 6  
households 8,092 8,690 9, 1 84 9,723 
sales(MCF) 4,7 1 3,389 4,91 6,787 4,346,748 4,252,757 
gas % of total energy 30.20 29.00 26.80 25.00 
avg. gas prtos 4.57 6.24 8.2 1 6.59 
consumption per customer 1 1 6.3 1 1 8.9 1 03.8 96.4 

REGION 4 
population 35,853 38,880 42,068 44,708 
households 1 1 ,708 1 3,740 1 5,41 1 1 6,929 
sales(MCF) 3,60 1 , 5 1 8  3,677,706 3,21 2,483 3,393,829 
gas % of total energy 1 6.80 1 4.60 1 2.20 1 1 .40 
avg. gas prlos 3.54 5.67 7.27 6. 1 2  
consumption per customer 94. 1  88. 1 7 1 .4 66.3 

REGION & 
population 45,058 45,759 46,840 46,384 
households 1 4,933 1 6,098 1 6,560 1 7, 244 
sales(MCF) 1 6,71 3, 108 1 6,894,075 1 5,302,782 1 4,825,696 
gas % of total energy 46.40 47.50 45.90 44.50 
avg. gas prtos 3.62 5.42 7.08 5.07 
consumption per customer 1 60.4 1 52 . 1  1 33.9 1 1 9.7 

population, households, & sales = thousands 
avg. gas price = 1 t80$1MCF 
consumption per customer = MCF 

National totals do not Include Alaska and Hawaii. 

SOURCE: U.S. Department of Commerce, Bureau of the Census; Energy Information Administration, 
"Natural Gas Annual, 1990 Volume II," (DOEIEIA -Q131 (90)r2, Deosmber 1991), Tables 15 & 1 7; 
Energy Information Administration, 'State Energy Data Report Consumption Estimates 1 96()..1990," 
DOEIEIA-o214(90); Economic Report of the President, Feb. 1 992, Table B-3; Energy Information 
Administration, 'Monthly Energy Review June 1 992, • DOEIEIA-Q035(92/06), Table AS. 

REGION 6 
population 
households 
sales(MCF) 
gas % of total energy 
avg. gas prtos 
consumption per customer 

REGION 7 
population 
households 
sales(MCF) 
gas % of total energy 
avg. gas prlos 
consumption per customer 

REGION 8 
population 
households 
sales(MCF) 
gas % of total energy 
avg. gas prlos 
consumption per customer 

REGION I 
population 
households 
sales(MCF) 
gas % of total energy 
avg. gas prlos 
consumption per customer 

REGION 10 
population 
households 
sales(MCF) 
gas % of total energy 
avg. gas prtos 
consumption per customer 

NATIONAL 
population 
households 
sales(MCF) 
gas % of total energy 
avg. gas prlos 
consumption per customer 

1 975 

22,549 
7,3 1 4  

4,945,276 
34.70 
3. 1 9  
98.2 

1 1 ,5 1 3  
3,998 

4,097,575 
44.90 
3.07 
1 48 

6,272 
2,048 

2,224,243 
48. 1 0  
2.78 

1 57.9 

24,443 
8,605 

6,940,284 
52.40 
3.62 
99.8 

6,783 
2,354 

787,307 
26.60 
5. 1 1  

1 20.6 

1 975 

2 1 4,203 
7 1 ,9 1 1 

50, 1 20,056 
34.76 
3.82 

1 1 8.4 

1 980 1 985 1 990 

25,050 27,992 28,2 1 8  
8,7 1 7  9,832 1 0, 2 1 0  
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consumption data have not been weather nor­
malized and recent warmer than normal win­
ters have influenced consumption patterns. 
Appendix D displays average price graphs by 
NPC region. 

Market Share Outlook 

Prior to the general moratorium on new 
residential gas hook-ups of the 1 970s, natural 
gas was the predominant residential fuel in 
many areas of the country. During the gas 
moratorium there was a reliance on oil heating, 
and electric heating achieved increased ac­
ceptance. Since 1 98 1 , the market share of nat­
ural gas in new homes improved dramatically, 
returning to the levels achieved in the late 
1 960s and early 1 970s. Still, the improvement 
and increased market penetration of the elec­
tric heat pump created a major competitor for 
natural gas in many areas of the country. There 
is currently a high level of competition between 
electricity and natural gas for market share in 
the new construction single- and multi-family 
residential market . However, natural gas still 
enjoys a substantial price advantage. 

The uncertainty of residential projections 
of market share for gas in new construction are 
a function of the relative heating costs of gas 
and competing fuels, available technologies, 
technological change, market mix (single family 
detached, apartments, condos, townhouses , 
etc.) , and consumer preferences. In addition to 
the new construction single family market, op­
portunities for additional residential space heat­
ing demand include conversions from another 
fuel and increased penetration of existing us­
ages. Some gas utilities are experiencing a sig­
nificant level of conversions from oil. Depend­
ing on modeling assumptions, one can show a 
slow increase or a slow decrease in consump­
tion; however, neither case would be dramatic. 

Technological .Advances 

Technological changes may impact the 
competitive position of natural gas space heat­
ing. The introduction of a residential gas-fired 
heat pump to the single family market , if suc­
cessful, could capture some load that currently 
is lost to the electric heat pump. A gas heat 
pump would decrease winter load, would in­
crease summer load, and might increase con­
sumer preferences for gas. Other techno-
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logical changes include higher efficiency boil­
ers and furnaces in equipment serving both 
single family and multi-family markets. For ex­
ample, advances have .been made in recent 
years using combination heating and water 
heating equipment oriented towards the town­
house market . This design uses  a water 
heater to supply not only hot water but also to 
supply heat using a hot water coil in an air 
handler. 

Finally, increased penetration of water 
heating, cooking, clothes drying, and gas logs 
may be possible in some markets. There are 
also, however, miscellaneous technologies that 
could cut into natural gas market share. Two 
examples are: halogen cooking, which has re­
cently entered the market, and microwave dry­
ers, which currently are in the prototype stage 
with limitations (e.g. cost, metal on clothes) , but 
may become popular. Chapter Seven (New 
Technology) discusses technological changes 
in detail. 

Constraints to Increased Market 
Penetration-single Family 

Constraints to increased residential single 
family gas consumption include energy effi­
ciency improvements, flrst costs of new tech­
nologies, the cost of new hook-ups, and the 
lack of previous natural gas consumption/famil­
iarity; which results in continued consumption 
of alternative fuels. It appears likely that con­
servation will continue as the existing stock of 
residential gas appliances are replaced with 
new, high-efficiency gas appliances. In order 
to maintain residential market demand, the fol­
lowing are needed: ( 1 )  increased penetration 
in the new construction market; (2) retention in 
the replacement market; (3) market enhance­
ment, i.e. additional burnertip appliances with 
current customers; and (4) some fuel substitu­
tion in the replacement market. Absent such 
new demand, throughput will decrease while 
flxed costs remain constant. This leads to in­
creased rates and decreased competitiveness. 
The increase in the number of burnertips al­
lows current customers to cover current costs, 
and "true growth" will result in additional hook­
ups rather than that load being used to offset 
attrition/energy efficiency improvements. This 
scenario provides a win-win position for both 
the consumer and the gas industry. 



New hook-ups require major investments 
in terms of services, meters, and mains. This is 
investment capital that the companies need to 
provide up front in order to provide service, 
and highlights the need for a financially viable 
industry. 

Multi-Family .Applications 

Natural gas plays an important role in 
multi-family applications. Table 2- 1 indicates 
that the multi-family gas consumption is 20 per­
cent of the overall residential sector gas con­
sumption. There are significant differences be­
tween single family and multi-family 
applications. In general, energy consumption 
in multi-family space is more dependent on the 
installed equipment than is the case for resi­
dential single family detached and townhouse 
units. In the case of central boilers for heating 
and hot water applications, the choice of cy­
cling and control systems can have a significant 
impact on energy consumption. Energy flows 
between multi-family units can also have an im­
pact on consumption. In contrast , building 
shell characteristics may be less important (but 
not unimportant) than is the case for residential 
single family units. 

Reference Sources 

The analysis in this chapter draws on two 
major sources of information: nationally avail­
able statistics, generally obtained from the En­
ergy Information Administration and the 
American Gas Association, and the reports of 
each of the ten Regional Demand and Distri­
bution Task Groups. 

THE RESmENTIAL SECTOR: 
EI.A INFORMATION 

Housing Characteristics and 
Related Statistics 

The Energy Information Administration 
has issued a number of editions of its housing 
characteristics report ; the eighth edition is 
Housing Characteristics 1990, based upon data 
collected by the 1990 Residential Energy Con­
sumption Survey (RECS) . Over 5,000 house­
holds were surveyed, as representative of the 
characteristics and energy consumption of the 
94 million households nationwide. 

Perhaps the most significant finding 
is that the characteristics of  new 
housing (built between 1 988 and 
1 990) are changing relative to hous­
ing built since the 1 970s. New hous­
ing is on average larger, more

· 
en­

ergy efficient , and most likely gas 
heated rather than electrically 
heated, but these changes were not 
large enough to affect the national­
level shares for natural gas and elec­
tricity. This fmding shows that even 
though lower energy prices may 
have lessened somewhat the eco­
nomic incentives for change, the new 
energy programs of the 1 980s are 
changing the nature and consump­
tion patterns of housing in the United 
States.4 

The report presents a number of conclu­
sions related to natural gas: 

• 55 percent of households use natural gas 
for space heating, and 53 percent for wa­
ter heating, unchanged from 1 980.5 

• The growth in natural gas availability has 
lagged housing growth: The proportion of 
households reporting that natural gas was 
available in the neighborhood or that 
were already connected to a gas line de­
creased from 7 6 percent in 1 98 1  to 7 2 
percent in 1 990. The report notes that 8 1  
percent o f  older homes (built before 
1 940) have natural gas available . How­
ever, for homes constructed during the 
1 980s gas availability was only 50 percent. 
Current availability is 55 percent for new 
construction. This presents evidence that 
natural gas distribution systems have not 
fully expanded into existing neighbor­
hoods, providing significant potential for 
future electric and oil conversions. 6 

• There is, according to the study, a signifi­
cant potential for increased use of natural 
gas. Of the 57 .5 million households that 
were connected to natural gas in 1 990 , the 

4 Energy Information Administration, Housing 
Characteristics 1 990, DOE/EIA-0314(90) , "Residential En­
ergy Consumption Survey," May 1992, Pg IX. 

6 Ibid., Pg X. 

6 Ibid., Pg XI. 
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study concluded that 6 million did not use 
it for space heating, 7 .  7 million did not use 
it for water heating, and 24. million did not 
use it for cooking. Another 1 0 million 
households had natural gas available in 
the neighborhood but were not connected 
to it .7 

• 6 million households currently with gas, 
but without gas heating equals 0 .45 QBTU, 
at 750 Therms per household. 

Table 2-5, taken from the EIA report, indi­
cates that a number of houses either do not 
have gas but are on or near gas mains; or do 
have gas but do not use it for a major end use, 
such as heating, water heating, or cooking. 

• 7 .  7 million households currently with gas, 
but without gas water heating, equals 0.23 
QBTU, at approximately 300 Therms per 
household. 

• 24 million households with gas but without 
gas cooking equals 0.07 QBTU, at approxi­
mately 30 Therms per household. 8 
If full conversion were obtained, this would 

provide an increase of 1 .85 QBTU, a 38 percent 
increase in the overall level of residential gas 
consumption.9 It should be noted, however, that 
any increase could only occur over an extended 
time period and that an increase of this magni­
tude in the near future does not appear likely: 

Conversion Potential 

Current residential gas consumption was 
estimated at 4.9 quadrillion BTU (QBTU) . The 
total residential gas consumption, which could 
occur if there were full gas utilization, is esti­
mated at 6.75 QBTU. 
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• 1 0  million households currently are acces­
sible to a gas main but are without gas-at 
1 ,080 Therms per household, including 
heating and water heating, ultimately 
equals 1 . 1  QBTU. 

7 1bid., Pg XI. 

8 Therm consumption for each appliance per 
household was based on an informal market survey con­
ducted by the Demand and Distribution Task Group. 

9 Information obtained from Energy Information 
Administration, Housing Characteristics 1 990, DOE/EIA-
0314(90). 

. 

TABLE 2-5 

POTENTIAL MARKET FOR U.S. RESIDENTIAL USE OF NATURAL GAS 
1 981 AND 1 990 

(Million Households) 

Uses 

Household Already Uses Natural Gas but Not as: 

Main Space-Heating Fuel 
Main Water-Heating Fuel 
Main Cooking Fuel 

Household Does Not Use Natural Gas, but it is Available in the 
Neighborhood 

1 981 

7.2 
7.8 

21 .2 

9.9 

1 990 

6.0 
7.7 

24.0 

1 0.0  

The same household may be  represented more than once depending on  the number of uses it makes of 
natural gas. 

The figures in this table for 1 990 were derived from Table 1 9  of the 7 990 Residential Energy Consumption 
Surveys (RECS). For example, the figure of 24.0 million for households that could use natural gas for cooking 
was derived by subtracting the 33.7 million households that use natural gas as their main cooking fuel from the 
57.7 million households that use natural gas for some purpose. 

SOURCE: Energy Information Administration, Office of Energy Markets and End Use, Forms EIA-457 A, 
B, and C of the 1 981 and 7990 Residential Energy Consumption Surveys (RECS), Table 1 9  and RECS Public 
Use Data Files. 



FACTORS THAT DRIVE 
RESIDENTIAL GAS DEMAND­
OPPORTUNITIES 

Table 2-4 presents data on some of the 
major factors that drive residential gas de­
mand: population, housing stock, gas penetra­
tion, and price. 

Penetration 

Natural gas consumption has a major part 
of the single family market: 55 percent, vary­
ing by region. The penetration of natural gas 
appears in the long run to be a function .of the 
relative cost of competing fuels. The natural 
gas industry is still recovering from the morato­
rium on new hook-ups during the 1 970s. Hav­
ing been out of the market for an extended pe­
riod of time, the industry found tl�at building 
practices, customer acceptance of competing 
fuels , and expectations had changed. It ap­
pears that natural gas is making a substantial 
comeback, particularly in the replacement 
market . Since the new construction industry 
has recently been slow, the replacement mar­
ket becomes more significant. 

Population 

The demand for new housing is related to 
household formation and, ultimately; population 
growth. Some regions are growing, and popu­
lation growth and relocations will have an effect 
on gas hook-ups. The mix of population is also 
important. For example, younger people, new 
families, singles, and other living groups differ­
ent from the traditional four person household 
can have an impact on gas demand. These 
types of households tend to live in multi-family 
housing and in housing units with less space 
than is traditionally required. In some areas of 
the country this type of housing requirement 
may be more electric heat pump oriented than 
central system/gas furnace oriented. A chal­
lenge facing the gas industry is to tailor equip­
ment to available markets while ensuring that 
the equipment is cost effective. 

Alternative Piping 

Alternative piping systems have recently 
gained attention as a means of increasing gas 
consumption. They offer greater flexibility in 
piping installations at a reduced cost , thereby 

removing one of the impediments to the instal­
lation of gas-the relatively high cost of piping. 
Both Corrugated Stainless Steel Tubing (CSST) 
and copper piping use smaller diameters that 
enable longer continuous runs with fewer fit­
tings. This also allows for less inventory space 
and some sources have suggested a savings in 
labor of approximately 50 percent . 

Environmental Issues 

Environmental issues have become in­
creasingly important in recent years. As a re­
sult, regulatory and legislative activities such as 
the Clean Air Act Amendments of 1 990,  have 
required customers to consider the environ­
mental impacts of energy use. This may favor 
the increased penetration of natural gas. The 
increases could be a result of three basic fac­
tors: ( 1 )  an increase in the relative prices of al­
ternatives to natural gas; (2) a direct prohibition 
on some pollutants; and (3) incorporation of en­
vironmental factors into utility planning pro­
cesses. 

Specific Pollutants 

While there are a number of important 
categories of pollutants associated with energy 
use, the following five broad categories are the 
most important concerning competitive end­
use markets: 

• National Ambient Air Quality Standards 
(NAAQS) Pollutants: nitrogen oxides, car­
bon monoxide , sulfur oxides, inhalable 
particulates, and organic gases (total or­
ganic gases, volatile organic compounds, 
and methane) . 

• Global Climate Change Compounds: 
carbon dioxide , methane , tropospheric 
ozone , nitrous oxide , and halogenated 
compounds. 

• Indoor Air Pollutants: nitrogen oxides, 
carbon monoxide , aldehydes, inhalable 
particulates, radon, and toxic chemicals. 

• Halogenated Carbon Compounds: chlo­
rofluorocarbons (CFCs) , hydrogenated 
chlorofluorocarbons (HCFCs) , hydro­
genated fluorocarbons (HFCs) , and 
halons. 

• Hazardous Wastes: mercury and other 
hazardous metals, PCBs, and CFCs. 
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Pollutants that are directly prohibited as a result 
of the Clean Air Act Amendments of 1 990 are 
CFCs. This Act calls for the phasing out of 
CFCs by the year 2000 and imposing excise 
taxes in the meantime. A recent Presidential 
Order is accelerating that date to 1 995. Resi­
dential gas A/C is ammonia based, as opposed 
to electric A/C that is CFC or HCFC based. 

In reference to space heating systems, 
carbon dioxide (C02) is the primary "green­
house gas" thought to contribute to global 
warming. Residential gas heating systems emit 
33 percent less C02 than oil. Also, sulfur diox­
ide and nitrous oxide emissions are much 
greater with electric or oil systems, contribut­
ing to acid rain and general air pollution. 

Ideally; any analysis of the environmental 
benefits of gas versus competing options 
should look at environmental impacts consider­
ing all of the above. However, limited analyses 
that look at selected pollutants can provide use­
ful information. Caution should be taken when 
making generalizations based on these limited 
analyses. 

Selected Study Findings 

The following studies indicate the inability 
to generalize the environmental benefits of one 
fuel source over another. They appear to be at 
odds, indicating that important issues appear 
to be controversial and still somewhat unre­
solved. 

American Gas Association 
Study Findings 

The American Gas Association study; Po­
tential Carbon Dioxide Emissions Reductions 
From Residential Space Heating Conversions 
(April 1 99 1 ) ,  found that the conversion of less 
efficient conventional heating systems (low av­
erage fuel utilization efficiency [.AFUE] natural 
gas, fuel oil, and electricity) to new; more effi­
cient natural gas systems c an reduce C02 
emissions by as much as 75 percent. 

30 

The study also concluded the following: 

• The annual C02 emissions attributable to 
a new; efficient natural gas space heating 
system in a 1 ,500 sq. ft. home are approxi­
mately 77  percent lower than that of an ex­
isting electric resistance heating system in 
the same size home, with electricity sup-

plied by power plants (see Figure 2-5) . 
The same is true for a house double the 
size, 3 ,000 sq. ft. (see Figure 2-6) . 

• Converting existing fuel oil systems to 
new natural gas space heating can reduce 
C02 by about 4 7 percent. 

• Converting an existing heat pump to new 
natural gas space heating c an reduce 
C02 by approximately 62 percent. 

• New natural gas space heating systems 
are about 50 percent better for the envi­
ronment than the new electric heat pump 
system. 

U.S. Department of Energy Study 
Findings 

The U.S. DOE study, Energy and Global 
Warming Impacts of CFC Alternative Technolo­
gies (December 1 99 1 ) ,  compared the direct 
and indirect global warming contributions of 
gas-fired absorption air conditioners to electric­
driven vapor compression technologies. The 
study concluded that ' 'It is clear that this tech­
nology [gas-fired absorption A/C] results in a 
severe global warming penalty relative to 
HCFC-22 vapor compression systems regard­
less of electric generation fuel." The authors 
also concluded that while thermally activated 
heat pump technologies m ay have glob al 
warming benefits in the long-term, ' 'it is unlikely 
that products using natural gas or other fossil 
fuels will have a significant impact in the time 
period corresponding to the CFC phaseout" re­
quired by the Clean Air Act. 

New Equipment 

There have been a number of advances in 
new residential gas equipment, as mentioned 
previously; in conjunction with the Appliance 
Efficiency Standards. Of particular note are 
higher efficiency boilers, furnaces, dryers, and 
ranges. The residential gas heat pump, while 
still in the testing stage, is expected to be a ma­
jor player in the near future. In addition, new 
products that increase efficiency and ambiance 
for the consumer include gas frreplace logs, 
which offer modern convenience, the cleanest 
burning fuel, and old-fashioned charm. They 
provide the ambiance of a woodburning fire­
place at half the cost of seasoned frrewood, 
without the work, and without negative environ­
mental impacts . In addition , they provide 
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Figure 2-5. Annual Carbon Dioxide Emissions Attributable to 
Residential Space Heating Systems-1 ,500 Square Foot Horne. 

GAS (65% 
EFFICIENT) 

OIL (75% 
EFFICIENT) 

HEAT PUMP HEAT PUMP 
(2.6 COP) (3.2 COP) 

SPACE HEATI NG SYSTEM 

Potential C02 
Emission 

:a----+- Reductions 

ELECTRIC GAS (94% 
RESISTANCE EFFICIENT) 

Figure 2-6. Annual Carbon Dioxide Emissions Attributable to 
Residential Space Heating Systerns--3,000 Square Foot Horne. 

NOTES: Includes consideration of total energy consumption from point of purchase through end use. 
Homes are approximately 20 years old with construction and insulation typical of that period. Heating 
requirements based on moderate region (St. Louis). 

SOURCE: American Gas Association, Planning and Analysis Issue Brief 1 989-1 3, "Identification of Errors 
in Science Concepts, Inc.,  Greenhouse Paper," August 25, 1 989. 
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value ; according to Remodeling Contractor 
magazine, gas frreplace logs can return 1 38 
percent on investment at time of resale. l 0 

Other new products include gas light dim­
mers, patio heaters, and hot tubs, spas, and 
pool heaters. Some observers have suggested 
that technological change in residential gas ap­
pliances has not kept pace until recent years. A 
challenge to the industry is now to show the 
consumer what is available . As previously 
mentioned, Chapter Seven on "New 'Technol­
ogy" details these new advances. 

Gas Integrated Resource Planning 

IRP can increase demand through the fol­
lowing two mechanisms: 

1 .  IRP can favor the switching of customers­
from other fuels to natural gas, thereby 
leading to an energy efficiency increase­
a reduction in energy used-but an in­
crease in the use of natural gas. 

2 .  IRP can lead to consumption increases. 
Therefore to the extent that electric utili­
ties are fully engaged in IRP and natural 
gas is the fuel of choice for future generat­
ing capacity additions , natural gas de­
mand will increase as a result. 

For a full discussion of IRP and its impact 
on the demand for natural gas, see Appendix C. 

FACTORS THAT DRIVE RESIDEN­
TIAL GAS DEMAND-ISSUES 

Price 

Price is believed to have a major impact 
on gas consumption. The history of gas prices 
in recent years is mixed. Figure 2-3 presents a 
history of residential gas prices in nominal and 
real terms. Residential gas prices were subject 
to a significant run up during the gas suppl}r 
shortages ofthe late 1 970s and early 1 980s. As 
a result of the increase in gas prices there was 
a substantial impetus to manufacturers to in­
crease the efficiency of the available gas 
equipment. In recent years, natural gas prices 
have been decreasing in real terms. Many ob­
servers believe that this has caused some de­
crease in the rate of conservation. 

10 The Right Choice-Natural Gas Fireplaces Equip­
ment; Consumer Information Committee of the American 
Gas Association; 1988. 
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For the future , residential natural gas 
prices on a delivered basis are expected to in­
crease. Table 2-3 and the accompanying Fig­
ure 2-2 present a number of forecasts for gas 
prices. In addition, in view of FERC Order 636 
series it is expected that there may be some 
shifting of costs to lower load factor LDCs, par­
ticularly those with a predominately residential 
customer base. A more detailed discussion of 
FERC Order 636 series is discussed in Chapter 
One (Background and Distribution Issues) . 

Demand Elasticity-Pricing Effects 

Demand elasticity is the term that 
economists use to describe the impact that 
changes in prices will have on consumption. 
The short run refers to that period of time in 
which capital equipment is fixed. The long run 
refers to that period of time in which capital 
equipment can change. Thus, as consumers ex­
perienced increases in natural gas prices in the 
1 970s, the short run reaction was to consume 
less natural gas through behavioral changes 
(lower thermostats, etc.) . However, a more im­
portant and fundamental change occurred as 
the price increases began to be perceived as 
permanent. First, customers began to demand 
and manufacturers began to produce appli­
ances that were more efficient than those they 
were replacing. Second, consumers began to 
improve the thermal integrity of the dwelling 
units in which consumption was taking place. 

During the late 1 980s, delivered residen­
tial natural gas prices declined in real terms. It 
appears likely that this trend has reversed and 
that real natural gas prices will increase in real 
terms in the future. Accordingly, an elasticity 
analysis would suggest that continued decline 
in consumption per household will occur. 

See Appendix E for a more detailed Elas­
ticity discussion. 

National Appliance Energy Conser­
vation Act__;Jmpacts and Trends · 

Declines in consumption per customer 
have also been effectively legislated by the 
United States Congress. Congress has passed 
the National Appliance Energy Conservation 
Act (NAECA). Phase 1 of this legislation estab­
lished mandatory appliance efficiency stan­
dards for a number of appliances that use natu­
ral gas as well as those appliances whose 



efficiency determines the amount of  gas 
burned in another appliance, Phase 2, which is 
expected to phase in around the year 2000 , 
while similar in scope, may require minimum 
efficiencies of 80-90 plus percent. 

Historical, current , and projected appli­
ance efficiency standards for a number of ap­
pliances are summarized in Table 2-6. 

The affected appliances include heating 
and air conditioning, water heaters, dishwash­
ers, clothes washers, dryers, and ranges/ovens. 
Efficiency standards applied to dishwashers 
and clothes washers impact natural gas con­
sumption by limiting hot water usage and 
therefore natural gas consumption in those in­
stances in which hot water is provided with a 
natural gas appliance. The other standards re­
duce gas consumption directly through in­
creased efficiencies in the end-use gas appli­
ances. 

To examine the impact of these standards 
on natural gas consumption, consider the natu­
ral gas furnace, which NAECA required to be 
manufactured at an efficiency level of 78 per­
cent by 1 992.  Prior to these standards, the av­
erage efficiency of a natural gas furnace was 
approximately 67 percent . Thus , ignoring 

other influences, every furnace that is replaced 
will increase efficiency by approximately 1 1  
percent given today's standards. Given the life 
expectancy of a furnace to be 25 years, the vast 
majority of gas-fired furnaces will be replaced 
by 20 1 0. The standards will be even higher in 
the future, expected to reach 80-90 plus per­
cent for a gas furnace in 2000. 

There have been discussions pertaining 
to the possibility of electric air conditioning 
systems becoming obsolete and being totally 
replaced by the electric heat pump. This 
would lower heat pump cost s ,  due to 
economies of scale, and would increase com­
petition for the gas heating market . 

Access to Gas Mains and 
Population Density 

Cost Issues 

Another significant concern associated 
with the penetration of natural gas is the physi­
cal distribution problem. Natural gas utilities 
incur significant costs in the distribution of their 
product . As the density of the population that 
gas mains are projected to serve increases, 
these costs can be spread over a larger base of 

TABLE 2-6 

NATIONAL APPLIANCE ENERGY CONSERVATION ACT 
EFFICIENCY REQUIREMENTS: PAST, PRESENT, AND FUTURE 

Product 1 965 1 992 

Furnace 67% AFUE 78% AFUE 
Boiler - 67% AFUE 80% AFUE 

Hot Water 
Boiler - 62% AFUE 75% AFUE 

Steam 
Water Heater 49% 54% 

Storage 
Water Heater NA E.F. = 0.62 

Instantaneous 
Dryer Standing Pilot No constant burning pilot 
Range Standing Pilot Those with electric supply 

cord must not have constant 
burning pilot 

Swimming Pool 75% Thermal 78% Thermal Efficiency 
Heater Efficiency 

SOURCE: NAECA and Washington Gas Research & Utilization. 

2000 

80+% AFUE 
82+% AFUE 

? 

56-62% 

Auto-dry 
? 

80+% Thermal 
Efficiency 
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customers and a competitive viability can be 
maintained. 

Access Issues 

Homes that have access to gas mains but 
do not currently utilize gas are called "on­
mains," due to the close proximity of a gas 
main. Many utilities actively pursue "on-main" 
customers via direct mail and creative financ­
ing programs. Recently; several private indus­
try vendors have become active in locating 
these potential gas customers and are selling 
these databases to the utilities. These are key 
markets for gas utilities to target , due to the 
ease of running a gas service and the fact that 
by cost effectively adding new customers the 
LDC effectively decreases operating costs per 
customer and for all customers. 

Because of the standard, one-quarter to 
one-half acre lots of a typical suburban subdi­
vision, "main" access is not a problem for 
many natural gas distribution utilities that 
serve largely urban and suburban areas. 
However, there may be problems in serving 
larger lots depending on load and other fac­
tors. It is difficult to economically justify main 
extensions into less densely populated areas 
unless substantial commercial or other types 
of load are available. 

Economic Test Criteria-IDes 

LDCs need to work within main extension 
policies in addressing the provision of service 
to new customers. Most LDCs have economic 
test criteria for the extension of facilities to 
serve new customers. These tests ensure that 
the utility attaches load that meets long run prof­
itability criteria. This is especially relevant in 
the residential market where extensions to 
serve subdivisions may not be profitable in the 
short run , but facilities must be in place to pro­
vide service to the commercial enterprises that 
inevitably result from new residential growth 
and will be along that main extension. Histori­
cally; commercial establishments have a greater 
utilization of natural gas than do residential and, 
therefore, provide the necessary demand base 
to justify the main extension. In this scenario, if 
the IDC did not install its facilities to serve the 
new subdivision it would not be in place to pick 
up the commercial business. 
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An inflexible extension policy would have 
the LDC walk by the subdivision and, most 
likely; walk by the commercial business be­
cause the residential demand, by itself, might 
not have passed the economic criteria. In this 
instance, not only would the utility have passed 
up all this business but, most likely; would have 
lost it for the life cycle of the alternative heating 
equipment . This points out the necessity of 
maximizing gas utilization in premises by cap­
turing more loads, thereby increasing the likeli­
hood of passing an economic test and thus be­
ing able to serve that load. 

While all extensions should meet an eco­
nomic test , either in the short run or the long 
run, it must also be remembered that LDCs, 
like all companies, need to grow. Stated dif­
ferently, absent growth, costs go up without 
an increase in new customers; therefore, rates 
go up. 

Electric Heat Pump Trends 

Prior to the moratorium on new gas con­
nections during the 1 970s, natural gas was the 
preferred fuel choice for space heating and 
water heating applications. This was primarily 
based on the fact that electric options were 
more expensive to operate. However, with the 
advent of the heat pump, a new alternative to 
natural gas and oil was available . The heat 
pump will present a significantly greater chal­
lenge to the preference of natural gas as a heat­
ing option. Also, in some areas, residential re­
habs and remodeling result in the development 
of multi-use space in what was formerly single 
family space. This increased utilization of 
space is sometimes associated with the in­
creased installations of heat pumps. Also, 
multi-use spaces generally involve renters, thus 
the owner is generally more concerned with 
the first cost of the equipment rather than the 
equipment operating costs. As a result, there is 
sometimes a conversion from gas. 

Price Analysis of Gas &: Electric 

Another factor that calls into question the 
continued expansion of natural gas is the trend 
in the pricing of gas and competing fuels such 
as electricity. Any discussion of the relative 
economics of natural gas versus electricity is 
based on the relative prices of the fuels. 



If prices are set below marginal cost, one 
could asswne that conswnption of gas or elec­
tricity is not at an economiciilly efficient level 
and therefore leads to unnecessary conswnp­
tion of the respective fuel source. Such rates 
are believed by some to be economically inef­
ficient , ·  and would lead to unnecessary con­
swnption of one fuel relative to the other. 

The important point of this discussion is 
that price is the only signal that the economy 
sends regarding which fuel should be con­
swned. If natural gas enjoys an advantage in 
this regard, it will be consumed. If electricity 
enjoys an advantage, its increased consump­
tion will be favored. Comparative price analy­
sis using appropriate marginal cost estimates 
can help determine which fuel source's prices 
may be set inefficiently and therefore provide 
unfair advantages. 

Other Impediments to Increased 
Natural Gas Consumption 

Impediments to natural gas conswnption 
include concerns over first cost and operating 
cost factors. In general , natural gas equip­
ment has a higher first cost than the major 
competing fuel ;  but the . operating cost is 
lower, resulting in an overall lower life-cycle 
cost . In view of consumer discount rates, un­
certainties and lack of information, and the 
split between owners and users in the case of 
multi-family space, this may present a prob­
lem to the increased consumption of natural 
gas in some residential markets. 

CONCLUSIONS 

Up to this point the pros and cons tending 
to increase or decrease natural gas consump­
tion in the residential sector have been out­
lined. Clearly there are a number of driving 
factors at work: 

• It is likely that consumption per household 
will continue to decline. 

- Energy efficiency and conservation will 
continue. As older equipment contin­
ues to be replaced with newer equip­
ment, we will continue to see trends to­
wards increased energy efficiency. 

- Integrated Resource Planning is likely to 
increase its impact on the residential 
market. 

• The number of residences with natural 
gas service will continue to increase. The 
NPC and the gas industry believe that 
consumers will continue to prefer gas as a 
total energy source to electric based on 
comfort , value, environmental awareness, 
and price. In addition, there is a gradual 
tendency for conversions from other fuels 
to gas. 

• The penetration of gas heating in the resi­
dential market is returning to historical 
levels as restrictions on gas system ex­
pansions have been removed. 

• The impact of new technologies in the res­
idential market will continue to improve 
the economic efficiency and penetration 
of gas appliances. 

Accordingly, it is likely that consumption 
per household will continue to decline, while 
the number of households using gas continues 
to increase. This results in the projected level 
of overall residential consumption remaining 
fairly level. This does not mean that the resi­
dential marketplace is one in which there is lit­
tle activity. LDCs have active marketing pro­
grams, which feature the advantages of all 
types of gas appliances (e . g. , heating, water 
heating, cooking, drying, fireplaces, grills, and 
other options) . At the same time, electric com­
panies have active programs underway for the 
heat pump and other electric options. How­
ever, overall consumption of 4 .6  QBTU per year 
is projected to remain relatively constant . 

THE REGIONS 

The regional reports are briefly summa­
rized below. In most regions, very little addi­
tional consumption of residential gas is pro­
jected to occur, except in parts of Regions One, 
Two, and Three. Additional customers will be 
hooked up, and penetrations will increase, but 
substantial trends towards conservation will off­
set increased sales. Much of the heatfug con­
version will come from oil (generally in signifi­
cantly older homes) or electric (generally in 
homes built during the natural gas moratorium 
of the 1 970s) . 
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Region One: Connecticut, Maine, 
Massachusetts, New Hampshire, 
Rhode Island, and Vermont 

The New England gas market has tradi­
tionally been characterized by a high percent­
age of sales to weather sensitive, firm cus­
tomers who use gas primarily for heating 
purposes. As a result , the industry has experi­
enced winter pe aks that have greatly ex­
ceeded daily consumption. According to the 
State Energy Data System, total gas consump­
tion in New England was 42 6 . 7  trillion BTU 
(TBTU) in 1 990 compared to 303 . 9  TBTU in 
1 980. This was a 40 percent increase in natural 
gas consumption over this period. 

The residential sector is the largest gas 
consuming sector in New England, accounting 
for 4 1 .3 percent of total sales in 1 990. Although 
residential consumption increased from 1 49 .3 
TBTU in 1 980 to 1 76.2 TBTU in 1 990, the resi­
dential share of regional natural gas consump­
tion dropped from 49 . 1  percent in 1 980 to 4 1 .3 
percent in 1 990 due to growth in other sectors, 
particularly the electric generation sector. 

Natural gas market share in the Region 
One residential sector is far lower than that in 
the rest of the United States. This is primarily 
because natural gas service is not yet available 
in many areas of New England and a significant 
proportion of the customers who have gas ser­
vice do not utilize gas for space heating. The 
saturation of gas service and gas heat in New 
England continues to lag far behind the rest of 
the United States, despite the significant in­
crease in the number of homes heating with 
gas in the past decade. 

Over the past fifteen years, LDCs in New 
England have concentrated on increasing the 
penetration of gas heat in homes with gas ser­
vice, and on increasing the saturation of gas 
service in households that are located on or 
near mains. Both of these programs have been 
relatively successful. For example, in 1 975 only 
55 percent of the households in New England 
which had gas service utilized natural gas for 
space heating; this figure has increased in 
nearly every year between 1 975 and 1 989 and 
has reached 7 1  percent in 1 989. In compari­
son, the percentage penetration of gas heat in 
households with gas service in the rest of the 
United States has remained relatively constant 
over this period, increasing only slightly from 
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the 85 percent level achieved in 1 975 to 89 per­
cent in 1 989.  

Region Two: New York and 
New Jersey 

The residential conversion market is seen 
as the remaining major market with substantial 
growth potential in natural gas demand. As of 
1 990,  the saturation of residential customers 
with natural gas service was 52 percent in New 
York and 70 percent in New Jersey. Obstacles 
to increasing market share were seen as long­
term service contracts between residential cus­
tomers and oil dealers, and ad campaigns by 
oil dealers. It was suggested that a target of 85 
percent penetration would be appropriate. 

Region Three: Delaware, Pennsyl­
vania, Maryland, Virginia, West 
Virginia, and District of Columbia 

Expected trends in gas share in the resi­
dential market include: 

• In general, the gas market share of the 
residential market will continue to grow as 
a result of the cost of electricity increasing 
faster than the cost of gas due to the 1 990 
Clean Air Act Amendments compliance 
by electric utilities and as a result of new 
pipeline capacity being made available in 
areas where oil is prevalent. 

• The number of new residential customers 
will continue to grow, both from new con­
struction and conversions from other fuels. 

• Gas consumption per residential unit will 
continue to decline. 

• 'Ibtal residential gas consumption will re­
main relatively flat or slightly increase. 

• The perception that gas is the preferred 
fuel for the residential market will con­
tinue. 

• As electric utilities take advantage of De­
mand· Side Management opportunities, 
the add-on heat pump will become a 
stronger competitor for the residential 
space heating market. 

Residential consumption is projected to 
remain relatively flat, or slightly increase. The 
number of new residential gas customers will 
continue to grow, both from new construction 



and conversions from other fuels. However, 
conservation will offset increasing market share 
and new customers. 

Region Four: .Alabama, Florida, 
Georgia, Kentucky, Mississippi, 
North Carolina, South Carolina, 
and Tennessee 

Region Four on average has mild winters 
and hot summers. Therefore, air conditioning, 
rather than heating, is the more prominent resi­
dential energy use. This is part of the reason 
gas's residential market share is only about 2/3 
the national average and why the electric heat 
pump will pose significant competition. 

In homes built prior to 1 974,  gas heating 
has about 50 percent market share, electricity 
has 25 percent . For homes built from 1 97 4 
through 1 987,  70 percent use electric heat and 
only about 1 4  percent gas. Since then, residen­
tial customer growth has outpaced household 
formation con�iderably; indicating that gas is 
now achieving a higher share of the heating 
market in new residences. 

Over 90 percent of the homes with gas 
service are heated by gas. Only 7 5 percent of 
the homes with gas have gas water heaters. 
This provides a relatively significant growth op­
portunity since water heating is 50 percent of 
the load in parts of the region. Growth in num­
bers of residential customers will be offset by 
declines in consumption per customer; overall 
consumption may be flat or decline slightly de­
pending primarily on the region's water heat­
ing programs. 

The region is very supportive of the gas 
heat pump since the region's warm weather 
makes the electric heat pump a significant 
competitor. 

Region Five: Dlinois, Indiana, 
Michigan, Ohio, Wisconsin, and 
Minnesota 

Residential consumption of natural gas is 
the highest in the country in this region. Ap­
proximately one-fourth of the nation's gas 
heated homes are in this region, as well as the 
largest stock of gas water heaters, ranges, and 
clothes dryers. Natural gas is expected to 

maintain a price advantage over other residen­
tial fuels for the foreseeable future. 

Low population growth combined with in­
creased appliance efficiencies are the fore­
casts predicted  for the ye ars 1 9 9 0 - 2 0 1 0 .  
These trends will lead to the decrease in the 
region's residential energy demand. Heating 
appliance efficiencies and thermal integrities 
of homes are expected to increase , lowering 
the amount of energy required to heat build­
ings in the region. This predicted decline in 
heating load is the major reason for the ex­
pected decline in residential gas use. Despite 
these expected trends, natural gas's expected 
63 percent share of the total energy market in 
20 1 0  remains over twice as large as the pre­
dicted electric usage. 

Region Five has a long heating season and 
low gas prices, which allow gas furnaces to 
easily beat electric systems even though the 
electric systems are less expensive to install. 
Gas prices are expected to remain below dis­
tillate throughout the forecasted period, which 
will enable the gas systems to win in all cases. 
Gas-frred systems are expected to remain the 
space heating choice for the new housing units. 

Region Six: .Arkansas, Louisiana, 
Oklahoma, Texas, and New Mexico 

Residential gas consumption accounts for 
just 8 percent of the region's total gas con­
sumption. Historically; demand has been more 
or less stable, with mild fluctuations caused by 
changes in weather patterns. Residential gas 
consumption per customer has been declining, 
from 75 million BTU in 1 985 to 66 million BTU in 
1 990. This drop is caused by variations in an­
nual degree days, the pace of energy conser­
vation, and gains in energy efficiency in house­
hold appliances. 

Natural gas is the dominant fuel in space­
heating applications . G as competes with 
petroleum fuels in the residential space-heating 
market and with electricity in space-heating, 
water-heating, cooking, and clothes drying ap­
plications. Electricity is the primary alternative 
fuel to natural gas in the residential market. 

A major growth opportunity for gas in the 
residential sector arises from the low life cycle 
costs of space-heating using natural gas rela­
tive to those of electric space-heating. More 
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aggressive marketing by LDCs should also in­
crease new gas-based installations. As a result, 
natural gas is expected to maintain its share of 
the residential space-heating market in the re­
gion, unless electric utilities heavily subsidize 
heat pumps in conjunction with IRP/DSM pro­
grams. Choice of gas as space-heating fuel 
greatly improves its chances of capturing the 
water heating and cooking applications as well. 

Residential gas demand is projected to 
continue to grow slowly; at an annual average 
rate of 1 percent during the next decade. En­
ergy efficiency improvements continue at a 
slower pace, and growth of residential housing 
is also slower. 

Natural gas will post small gains in market 
share against electricity in single family 
dwellings, but will continue to lose out to elec­
tricity in multi-family dwellings. 

Region Seven: Iowa, Kansas, 
Missouri, and Nebraska 

Since 1 98 1 ,  residential gas demand in the 
region has fluctuated between 290 billion cubic 
feet and 354 billion cubic feet. The number of 
occupied housing units using natural gas as 
heating fuel has increased in Region Seven, the 
average gas consumption per household has 
fallen 1 1  percent since 1 984 ,  reflecting the 
gains in energy efficiency. 

Increases in residential gas demand, in 
the future, will be primarily determined by the 
rate of growth in the space-heating needs of 
new single family homes. The number of gas­
heated homes (both single- and multi-family) is 
expected to grow by one percent per year 
through 2000. Efficiency gains in both new and 
replacement equipment, as well as improve­
ments in the thermal integrity of homes, will 
partly offset demand increases that would oc­
cur due to growth in the number of gas cus­
tomers. 

Natural gas competes with petroleum 
fuels in the residential space-heating market 
and with electricity in space-heating, water­
heating, cooking, and clothes drying applica­
tions. While gas is the dominant fuel in space 
heating applications, currently used by approx­
imately 97 percent of the region's residential 
customers, conversions from propane and oil 
will provide some limited opportunities for 
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growth. Life-cycle costs of space heating using 
natural gas remain below those of electric. 
Surveys suggest that home buyers prefer gas 
heat, and builders should respond accordingly. 
More aggressive marketing by LDCs should 
also pay off in new installations. As a result, 
natural gas is expected to maintain its share of 
the residential space-heating market. Choice 
of gas as space-heating fuel greatly improves 
its chances of capturing the water-heating and 
cooking applications. 

For the next decade, the region's residen­
tial gas demand is expected to rise at an aver­
age annual rate of0.5 percent. 

Region Eight: Colorado, Utah, 
Wyoming, Montana, North Dakota, 
and South Dakota 

Natural gas is the dominant fuel in this re­
gion. Natural gas is the only real source for 
space heating and domestic water heating. 
The only remaining areas that natural gas can 
increase market share within the space heating 
and domestic water heating market segments 
is to penetrate small towns and individual cus­
tomers in rural or remote areas of the states. 
These types of extensions do not produce re­
turns to justify the investment. 

Although additional penetration in the res­
idential space heating and water heating mar­
kets are probably not significant in Region 
Eight, the underlying constraint that contributes 
to this loss of additional market share is service 
extension policies. Service extension policies 
vary from state to state in Region Eight. Some 
are more restrictive while others are rather le­
nient . The overriding issue is the ability for 
distribution companies to extend service to 
customers and communities that are in remote 
or rural areas. These extensions are generally 
not economically feasible unless state regula­
tory commissions allow the utility to subsidize 
the extension or to allow a surcharge to be ap­
plied to the customers' bills within the exten­
sion area to provide the economic incentive to 
extend service. 

One segment of the market that natural 
gas continues to face competition is in the 
multi-family market. Due to building code re­
strictions and up front capital costs associated 
with natural gas appliances and installation, 
electricity is very competitive in multi-family 



construction. To maintain and increase gas 
consumption in this market segment, the gas 
industry must focus on installation techniques 
and on the development of technology and ap­
pliances that satisfy the specific requirements 
of this market. 

Region Nine: California, Arizona, 
and Nevada 

In terms of market share , natural gas 's 
dominance of the regions' residential market 
has been deteriorating gradually since 1 980 
when gas provided about 7 1  percent of resi­
dential energy demand. On average, gas con­
sumption has fallen a half percent annually be­
tween 1 980 and 1 9 9 0  while electricity 
increased at a rate of 3 percent per year. De­
spite gains made by electricity in the region's 
total energy consumption, natural gas contin­
ues to be the preferred energy source in the 
residential sector for space and water heating 
applications. 

Increased emphasis on conservation mea­
sures and the passage of appliance efficiency 
and building shell standards have decreased 
the level of energy consumption by 1 3  percent 
since 1 980. Natural gas dominates the single 
family market for space heating and water 
heating where gas is available. In Northern 
California, gas is less available, while the elec­
tric heat pump dominates in Phoenix and Las 
Vegas, due to a moratorium on new gas hook­
ups in the late 1 970s. 

The multi-family market is difficult to pen­
etrate due to the high installed cost of individ-

ual metering, plumbing, and venting. As a re­
sult heat pumps capture a significant share of 
the multi-family heating market. 

In total, natural gas consumption in the 
residential sector is proj ected to grow at 
about 1 percent per year as penetration of the 
new construction market is offset by conser­
vation within the existing residential market . 
Gas should maintain or increase its market 
share against the principal competition, elec­
tricity, for all four major end-use residential 
applications. 

Region Ten: Idaho, Washington, 

and Oregon 

Demand for electricity in the residential 
sector accounts for more than half of the sec­
tor's total energy demand. Almost 7 percent of 
the electrically heated homes in the country 
are located in this region. 

Much of the high electricity demand in 
Region Ten is directly attributable to its low 
cost. Regional electricity prices are currently 
only 2 .5 times greater than those of oil and gas, 
while the average at the U.S. level is over 4.0. 

The low electricity price allows electric 
systems to compete in oil and natural gas's tra­
ditional residential stronghold, space heating. 
Despite strength of electricity in the region, nat­
ural gas demand is expected to increase 
slightly through 20 1 0. The stock of natural gas 
heated homes is expected to grow over the 
forecast period as it wins most of the nonelec­
tric heating share. 
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Commercial gas consumption refers to 
gas consumed in commercial buildings, such 
as office buildings, stores, schools, assembly 
buildings, warehouses, hospitals, restaurants, 
laundries, hotels, etc. Table 3- 1 summarizes 
commercial gas consumption, based on infer­
mation obtained from the Energy Administra­
tion's Commercial Buildings Ene;pr Consump­
tion and Expenditures 1 989 .  Energy 
consumption by the commercial sector is 
space driven; the Standard Industrial Classifi­
cation (SIC) code of the occupant of commer­
cial space is frequently irrelevant in terms of 
determining energy use. Rather, the building 
type (restaurant , hospital, hotel, laundry) and 
utilization of the space-hours of operation, 
building temperatures and air changes, type of 
office or other equipment , type of heating, 
ventilating, and air conditioning (HVAC) sys­
tem-are the primary drivers of commercial 
sector energy consumption . These drivers 
may vary by type of commercial activity; for 
example restaurant and hospital needs. There 
are a variety of commercial building types: of­
fice buildings, food service, lodging, mercan­
tile, warehouse, etc. Gas consumption in older 
commercial buildings is typically for space 
conditioning provided by central boilers and 
furnaces for heating and hot water. Relatively 
little growth in this sector is expected from 
conventional space and water heating. The 
level of gas consumption in newer buildings · 

1 Energy Information Administration, Commercial 
Buildings Energy Consumption and Expenditures 1 989, 
DOEIEIA-0318(89) . 
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tends to be much lower, and in many cases the 
space conditioning energy is provided by a 
different fuel. Other commercial sector uses 
include laundries, cooking in the restaurant 
sector, and other types of process related en­
ergy needs. As is the case with the residential 
sector, the commercial sector is subject to 
substantial conservation. Figure 3- 1 depicts 
historical gas consumption on an actual and 
weather-normalized basis. Table 3-2 summa­
rizes natural gas forecasts in terms of con­
sumption and price for the commercial sector. 
Energy consumption as outlined is generally 
projected as slightly increasing. Figures 3-2 
and 3-3 graphically depict commercial gas de­
mand and price projections. 

Relatively little growth in this sector is ex­
pected from conventional space and water 
heating; a reduced expansion of commercial 
space, coupled with continued conservation, 
should make this type of natural gas demand 
essentially flat. Also, due to the large lighting 
loads, computer equipment requirements, and 
presence of personnel, space heating require­
ments tend to be minimal. Similarly; there is 
not a large demand for water heating due to 
the nature of  office building requirements. 
Thus, any projected growth in commercial de­
mand will probably have to come from contin­
ued expansion of energy intensive commercial 
buildings such as restaurants, laundries, hotels, 
and hospitals, particularly due to their high de­
mand for hot water and commercial gas cool­
ing options, as well as the development of small 
scale cogeneration and fuel cells. Natural gas 
vehicles (NGVs) in the fleet market will also be 
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TABLE 3-1 

NET ENERGY CONSUMPTION IN COMMERCIAL BUILDINGS 
BY PRINCIPAL BUILDING ACTIVITY 

Gross 
Total net Total Gross Intensity per 

Energy Floor- Energy Hour of 
Principal Consump- space Intensity Operation Consumption 
Building tion (Trillion (Million (Thousand (BTU/( sq. per Worker 
Activity BTU) sq. ft.) BTU/sq.ft.) ft.*hr)) (Mil lion BTU) 

All Buildings 5,788 63, 1 83 91 .6 23. 1  8 1 .9 

Assembly 441 6,909 63.8 1 9.6 1 09.7 

Education 704 8,076 87.2 25.9 97.8 

Food Sales 1 39 792 1 75.6 31 .5 1 64.7 

Food Service 255 1 , 1 67 21 8.4 41 .7 1 31 .2 

Health Care 449 2,054 21 8.5 29.4 1 06.3 

Laboratory* 293 91 9 31 9.2 79.0 1 98.7 

Lodging 425 3,476 1 22.3 1 4.3 1 37.6 

Mercantile 
and Service 1 ,048 1 2,365 84.8 22.4 84.4 

Office 1 ,230 1 1 ,802 1 04.2 29.5 44.3 

Parking 

Garage 42 983 42.6 7. 1 1 26. 1 

Public Order 

and Safety 78 61 6 1 27.0 1 9. 1  91 .0 

Warehouse 535 9,253 57.8 1 6.9 1 22.4 

Other 50 61 0 82.7 1 6.3 79.4 

Vacantt 98 4, 1 61 23.5 1 1 .0 66.5 

Because of rounding, data may not sum to totals. 

* In the Detailed Tables section, laboratory is included in the category of "other" buildings. 

t Buildings in which more that 50 percent of the floorspace was vacant. 

SOURCE: Energy Information Administration, Office of Energy Markets and End Use, Forms EIA-871 A 
through F of the 1 989 Commercial Buildings Energy Consumption Survey, Tables 1 1 , 1 3, and B1 8. 



1-w 

900 

w 800 LL 
0 
ffi 
:::::> 
0 700 c z 
� :::::> 0 600 ::I: 1-

LEGEND 
......,......,......,,... Gas Consumption per 

Customer (MCF) ----+-------"r�.,_------l 
---- Gas Consumption per 

Customer (weather 
normalized) 

500 

1 967 1 972 1 977 1 982 1 987 

YEAR 

SOURCES: . AGA: American Gas Association, TERA Base Case 1 992. 

EIA: Energy Information Administration, Annual Energy Outlook 1 992. 

GRI: Gas Research Institute, GRI Baseline Projection of U.S. Energy Supply and Demand, 
1992 Edition (August 1 991 ). 
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Figure 3- 1 .  National Commercial Consumption per Customer. 

TABLE 3-2 

COMMERCIAL GAS DEMAND AND PRICE PROJECTIONS 
(Quadri l l ion BTUs and 1 990 Dollars per MCF, Delivered) 

1 990 1 995 2000 201 0 
Demand Price Demand Price Demand Price Demand Price 

AGA 2.62 $5.01 2.82 $4.75 3. 1 7  $5. 1 6  4.07 $6.01 
EIA 2.62 $5.01 2.94 $5.33 3.05 $6.05 3. 1 9  $8.06 
GRI 2.62 $5.01 3.00 $4.98 3.30 $5.54 3.90 $6.90 
Reference 

Case 1 2.62 $5.01 2 .88 $4.88 2.96 $5.94 3.50 $6. 1 7 
Reference 

Case 2  2.62 $5.01 2.87 $4.52 2.87 $5.56 3. 1 4  $5.92 

SOURCES: AGA: American Gas Association, TERA Base Case 1 992. 
EIA: Energy Information Administration, Annual Energy Outlook 1992. 
GRI :  Gas Research Institute, GRI Baseline Projection of U.S. Energy Supply and Demand, 

1992 Edition (August 1 991 ). 
NPC: National Petroleum Council. 
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EIA: Energy Information Administration, Annual Energy Outlook 1992. 
GRI:  Gas Research Institute, GRI Baseline Projection of U.S. Energy Supply and Demand, 

1992 Edition (August 1991). 
NPC: National Petroleum Council .  



important; this issue is addressed in Chapter 
Six (Natural Gas Vehicles) . 

COMMERCIAL: AN OVERVIEW 

Characteristics 

According to the Department of Energy, 
there are 4 .  2 million commercial buildings in 
the Unite d  St at e s ,  cont aining 58 . 2  billion 
square feet . On a total floor space basis, the 
largest percentage of the commercial building 
sector is comprised of Mercantile and Service 
facilities constituting nearly 1 3  billion square 
feet (22 percent) , office buildings representing 
9.5 billion square feet ( 1 6 .4 percent) , and non­
refrigerated warehouses representing 8.5 bil­
lion square feet ( 1 4 .6 percent) . Assembly and 
education buildings each represent 7 .3 billion 
square feet ( 1 2 .6  percent) .2 

Cooling Usage 

For space cooling, electricity has a 95 
percent market share. Conversely; cooling with 
natural gas has only a 5 percent market share 
with 1 4 1 ,000 buildings being served with a to­
tal floor space of 2 .9  billion square feet. Across 
the 1 986 commercial buildings population as a 
whole , natural gas was used (primarily for 
heating) in 2 .3  million buildings representing 
55 percent of the buildings and 66 percent of 
the floor space.3 

48.0% 
Electricity = 
2.8 QBTU 

The primary cooling systems used in 
commercial buildings are as follows: 37 per­
cent of cooled commercial buildings use cen­
tral cooling systems; 3 1  percent are individual 
air conditioners; 24 percent use packaged air 
conditioning units ; while 1 0 percent use air 
source heat pumps. Further analyses showed 
75 percent of the buildings cooled utilize duct 
forced air distribution systems, while only 1 1  
percent use fan coiled units. 4 

Any increase in commercial sector de­
mand growth is projected to come from com­
mercial gas air conditioning or increased mar­
ket share . N ationally, natural gas has a 36 
percent share of overall commercial energy 
use, as shown in Figure 3-4. Significant devel­
opments, such as the possible full scale com­
mercialization of commercial gas air condition­
ing, or significant use of fuel cells are the only 
areas where gas demand can achieve major 
growth potential. See Appendix G for detailed 
information on commercial gas codling tech­
nology. 

2 American Gas Association; Policy & Analysis Is­
sues, Issue Brief 1 99 1-5, "Advances of Natural Gas Cool­
ing in the Commercial Sector: Equipment, Economics & 
Environment, "  Feb. 26, 1 99 1 .  

3 Ibid. 

4 Ibid. 

36.0% 
Natural Gas = 

.1 QBTU 

SOURCE: Energy Information Administration, Office of Energy Markets and End Use, Forms EIA-871 A through F 
of the 1 989 Commercial Buildings Energy Consumption Survey, Table 1 1 .  

Figure 3-4. Net Energy Consumption in the Commercial Sector by 
Major Energy Sources, 1989. 
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Gas Beating Obstacles 

The use of central systems with boilers in 
new high rise office buildings is becoming rare 
since space heating requirements in these 
buildings are minimal due to the large lighting 
and computer equipment needs. This, cou­
pled with the presence of employees, actually 
results in cooling requirements even in the win­
ter months. Domestic hot water requirements 
are also quite low. As mentioned, size is a key 
factor here; there is, however, limited potential 
for space heating in smaller buildings. 

First cost for installing boilers, piping, and 
flue stacks is considerably higher for gas heat­
ing than installing direct electric heaters; there­
fore, architects and engineers, as well as prop­
erty/building owners , tend to choose the 
electric systems. An increase in gas demand 
in high rise office buildings in the future will re­
volve around penetration of new, high efficient , 
double effect gas absorption air conditioning 
installations. 

Commercial Cogeneration 

Small-scale commercial cogeneration sys­
tems (and eventually fuel-cells) are another op­
tion that can, under certain circumstances, help 
a commercial building reduce its electric de­
mand and associated costs, resulting in in­
creased gas demand. In order for a commer­
cial building to have cogeneration, the building 
does need to be of a type that has a significant 
usage of hot water and either a storage tank or 
fairly continuous hot water usage. Hospitals, 
hotels, apartments, dormitories, and industrial 
or proeess facilities generally meet this criteria. 
Whether or not cogeneration is economically 
feasible at a particular site depends on a num­
ber of factors including relative gas and elec­
tric rates, load profiles, and hours of operation. 
Areas with high summer/winter differentials 
may make it feasible to operate in the summer 
but not in the winter. If there is only summer 
usage, the abbreviated operating period will 
reduce the economic benefits of the machine, 
but will provide an attractive, load leveling, high 
summer demand for gas. 

High Rise versus Low Rise Market 

Until the mid 1 960s, office buildings and 
other types of high rise space were typically 
heated with central boilers ,  fired with oil or 
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natural gas. The fragmentation of commercial 
space among multiple tenants in high rises, 
coupled with rising energy prices and the de­
sire to assign cost responsibility to end users, 
has resulted in floor specific HVAC and heat­
ing systems in many cases. The technology 
for floor-by-floor HVAC systems has been 
largely electric. With the demise of high rise 
central systems, the use of gas fired boilers 
generally went out of style. Accordingly; natu­
ral

.
ga� is �ed fairly infrequently for heating in 

bmldmgs m excess of  five stories ,  due to 
HVAC system selection and end-use load. In 
many high rise buildings, natural gas has been 
largely limited to the frrst few floors, for restau­
rant and similar uses. 

In contrast , natural gas appears to have a 
major share of  the low rise business,  i . e . , 
restaurants, laundries, hospitals, warehouses, 
etc. These types of buildings have definite hot 
water, cooking, heating, and other needs. The 
HVAC systems associated with gas consump­
tion are appropriate and suitable. Figure 3-4, 
from an EIA report, shows that some fuel oil is 
still used in commercial buildings, probably in 
older central boilers; this 6 percent of the com­
mercial load would be a potential for conver­
sion. In addition, steam accounts for 1 0  per­
cent of commercial consumption . In a few 
cities there is a district heating, central steam 
system providing energy to buildings. Al­
though one could assume that such energy 
consumption would be a possibility for conver­
sion, it appears that in many cases the central 
steam system is fueled by natural gas. Central 
steam systems were in many cases originally 
fueled by coal; with the advent of increased en­
vironmental awareness conversions to oil and 
in some cases, to natural gas occurred. Ac­
cordingly; there appears to be limited potential 
for additional gas consumption except for the 
possible installations of steam absorption air 
conditioning equipment to replace existing 
electric machines. 

FACTORS THAT DRIVE COMMER­
CIAL GAS DEMAND-OPPORTU­
NITIES FOR COMMERCIAL GAS 
AIR CONDITIONING 

Historical Cooling Characteristics 

'Ibtal installed commercial air conditioning 
in the U.S. is approximately 1 1 6 million tons. As 



mentioned earlier, natural gas currently serves 
approximately 5 percent of this commercial air 
conditioning market. This computes to nearly 6 
million tons of gas air conditioning, believed to 
be largely single effect air conditioning. It is es­
timated that over 5 million tons of commercial 
air conditioning is added or replaced every 
year. As an example of gas consumption, a 500 
ton gas absorption cooling unit consumes ap­
proximately 1 2 ,000 thousand cubic feet (MCF) 
per year in the South and Southwest and 9 ,000 
MCF per year in other regions. A 1 50 ton gas­
engine chiller consumes approximately · 2 ,600 
MCF per year in the South and 1 ,900 MCF per 
year in other regions. 5 Figure 3-5 shows 1 990 
air conditioning installations by type of building 
structure. Central systems are usually used in 
hospitals, schools, and other facilities. Office 
buildings frequently use floor-by-floor units. 

Tables 3-3 , 3-4 , 3-5, and 3-6 present infor­
mation on 1 989 and 1 990 commercial gas cool­
ing installations. 

Future Opportunities­
Gas Absorption Systems 

The major opportunity for additional gas 
consumption in the commercial sector appears 

s lbid. 

Offices 
37.2% 

Other 
33.3% 

to be in commercial gas air conditioning. The 
development of  double effect absorption 
equipment provides an opportunity for in­
creased gas penetration of the commercial air 
conditioning market. Commercial gas air con­
ditioning is still in the product introduction 
phase. First cost of the equipment is signifi­
cantly higher than for the comparable electric 
equipment on a per ton basis. Installation cost 
is also significantly higher. However, in many 
regions gas absorption air conditioning does 
enjoy an overall life-cycle cost advantage, and 
increased penetration of gas cooling equip­
ment is expected. 

Benefits versus Costs 

In spite of the higher first costs of the 
equipment and installation, commercial gas air 
conditioning is competitive in a number of lo­
cations on a life-cycle cost basis. It is expected 
that both types of costs should decline signifi­
cantly as the equipment is introduced to the 
market . In addition, there may be substantial 
benefits to the electric utility in the substitution 
of gas air conditioning capacity for electric air 
conditioning capacity. At this time a number of 
combination gas/electric companies are offer­
ing cash incentives for gas air conditioning; this 
helps to keep overall costs down. The substitu­
tion of gas A/C for electric should be pursued 

Multi-Family 
1 .9% 

Hospitals 
1 9.1% 

SOURCE: American Gas Association, Planning & Analysis Issues, Issue Brief 1 991 -1 6, "1 990 Commercial 
Gas Cooling Survey," Oct. 1 991 . 

Figure 3-5. Air Conditioning Installations by Type of Building Structure. 
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TABLE 3-3 

INSTALLATIONS OF COMMERCIAL GAS COOLING, 
1 989 & 1 990 BY CENSUS DIVISION* 

1 990 1 989 
Average Average 
Tonnage Tonnage 

Newly per Newly per 
Census Installed Install- Install- Installed Install- Install-
Divisiont Tonnage ations ation Tonnage ations ation 

New England 3,81 6 36 1 06 3,995 43 93 
Middle Atlantic 5 ,650 1 7  332 5,559 1 4  397 
South Atlantic 1 ,075 21 51 470 1 5  31 
East North 

Central 1 4,01 3 44 31 8 4,597 28 1 64 
West North 

Central 6,780 6 1 , 1 30 1 ,250 1 1 ,250 
East South 

Central 30 1 30 0 0 0 
West South 

Central 330 2 1 65 1 ,670 3 557 
Mountain 1 00 1 1 00 81 5 4 204 
Pacific 8,539 27 31 6 3,285 28 1 1 7 

U.S. Total 40,333 1 55 260 21 ,641 1 36 1 59 

* Census division breakouts do not correspond exactly to the NPC Regional Task Groups. Since we are 
comparing trends, inconsistencies in conclusions should not appear. See Appendix F for a comparison.  

t Some division averages reflect only limited installations. 

SOURCE: American Gas Association, Policy & Analysis Issues, Issue Brief 1 991 -1 6, "1 990 Commercial 
Cooling Survey," Oct. 28, 1 991 . 

by local distribution companies as an attractive 
integrated resource planning (IRP) option. See 
Appendix C for further discussion of IRP. 

Equipment Payhacks and 
Incentives 

Tables 3-7 , 3-8 , and 3-9 present informa­
tion on equipment costs and performance, and 
equipment paybacks. The payback for the in­
cremental cost of gas equipment nationally av­
erages in excess of three years. Building de-
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velopers/owners/operators typically have a 
high discount rate. To many, a three year pay­
back may be too long (though some distribu­
tion companies report that for reasons beyond 
straight economics, paybacks as long as five 
years are acceptable to some customers) . 
When the payback exceeds an acceptable 
level, it then behooves the distribution com­
pany to offer equipment and rate incentives to 
encourage the installation of gas equipment. It 
is expected that increased use of gas cooling 
equipment will over time result in a decrease in 



TABLE 3-4 

1 990 INSTALLATIONS BY EQUIPMENT TYPE 

Total Newly Number 
Instal led of New Percent of 

Average Cooling Instal- Total New 
Equipment Type COP* Tonnage lations Tonnage 

Direct-fired t 1 .0 1 4,260 87 35.4 

Steam-fired t 0.9 8,895 8 22.5 
Absorption :I: 0.7 1 0,968 25 27.2 

Engine Driven 1 .4 2,790 20 6.9 
Desiccant 1 .0 1 75 5 0.4 
Other 1 . 1 3,245 1 0  8.0 

Total 40,333 1 55 1 00.0 

* Coefficient of performance. 

t Separate breakout of absorption systems (particularly double-effect systems). 

:1: Absorption systems not classified as direct-fired or steam-fired equipment (particularly 
single-effect systems). 

SOURCE: American Gas Association, Policy & Analysis Issues, Issue Brief 1 991 -1 6, "1 990 
Commercial Cooling Survey," Oct. 28, 1 991 . 

TABLE 3-5 

REPLACEMENT INSTALLATIONS FOR 1 990 & 1 989 

1 990 1 989 
Percent of Percent of 

Instal- Total Instal- Total 
Tonnage lations Tonnage Tonnage lations Tonnage 

From Electric 
Systems 6,31 4 47 43% 3,705 33 68 

From Gas 
Systems 8,462 31 57% 1 ,752 37 32 

Total 1 4,776 78 1 00% 5,457 70 1 00 

SOURCE: American Gas Association, Policy & Analysis Issues, Issue Brief 1 991 -1 6, "1 990 Commercial 
Cooling Survey," Oct. 28, 1 991 . 
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TABLE 3-6 

SYSTEMS REPLACED IN 1 990 

Replace-
Replace- ment 

System ment Instal-
Replaced Tonnage lations 

Centrifugal 5, 1 1 4  35 
Reciprocating 925 1 4  

Direct-fired 1 42 24 

Steam-fired 5,945 7 

Waste Heat 0 0 
Thermal 0 0 

Storage 
Other 320 1 0  

Total 8,207 65 

SOURCE: American Gas Association, Policy 
& Analysis Issues, Issue Brief 1 991 -1 6, "1 990 
Commercial Cooling Survey," Oct. 28, 1 991 . 

cost of this equipment, eliminating the need for 
such subsidies. 

Future Outlook 

It is difficult to project how much addi­
tional gas air conditioning can be installed on a 
yearly basis, but penetration will continue to 
improve as there is the achievement of  
economies of scale and market acceptance. 
Market acceptance may come about for a num­
ber of reasons: 
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• First costs of purchase and installation are 
coming down. 

• As part of IRP efforts some utilities are 
considering gas equipment as an alterna­
tive to electric equipment . This permits 
the achievement of economies due to the 
decreased need for new electric generat­
ing capacity. 

• Gas cooling is perceived to be environ­
mentally acceptable: desiccant dehumidi­
fication, for example, does not use CFCs. 
Gas engine driven chillers do use CFCs, 
the same type used by new electric 
chillers. 

• Restrictions on CFCs. 

Environmental Issues 

Commercial gas air conditioning is going 
through a resurgence of interest due to a vari­
ety of environmental and economic factors. For 
example, the 1 990 Clean Air Act Amendments 
includes the following regulations: 

• Over the next two years, a phase-out of 
CFCs will occur. Two U.S. air conditioning 
manufacturers will not ship any chillers us­
ing R-1 1 after January 1 993 . .  

• Dupont-the largest manufacturer of  
CFCs-will stop producing R- 1 1 and R- 1 2  
in 1 994. 

• The manufacture of CFCs will be banned 
by 1 995. 

• HCFCs ,  which have only 2-5% of  the 
ozone depleting potential of CFC- 1 1 and 
1 2 , will be phased out by 2020. 

Non-CFC refrigerants are being devel­
oped, but their use in existing chillers may re­
quire some modification to existing systems. 
Also , manufacturers have developed new 
chillers that can use either CFC or non-CFC re­
frigerants. G as cooling equipment such as 
those using water as the refrigerant in a lithium 
bromide solution, also provides building own­
ers with non-CFC alternatives. 

The new double-effect gas chillers have 
become commonplace because they are twice 
as efficient as the single-effect version. Al­
though they are more expensive than their 
electric counterparts ,  double-effect gas 
chillers' operating costs are considerably less 
than an electric machine, particularly in areas 
with high electric demand charges . .  The signif­
icant demand savings on the electric bill have 
also meant that rebates under LCP/DSM pro­
grams have brought the first cost more in line 
with electric machines. 

In terms of the clean air issue, natural gas 
may or may not have advantages over its elec­
tric counterparts. Depending on electric utility 
fuel mix and marginal fuel, gas at 80 plus per­
cent efficiency may produce less pollution than 
its electric counterparts. There is however a 
downside of gas equipment in that what little 
air pollution that is produced occurs at the site, 
whereas the electric pollution occurs at a gen­
erating plant that may be miles outside of an 
urban area and thus may have little direct effect 



TABLE 3-7 

ESTIMATED PERFORMANCE AND EQUIPMENT COSTS 

Equipment Type COP* Equipment Cost t 
Absorption Chil lers (double-effect) 

0.95 $900-$1 ,300/ton - 20-50 tons 

1 .0 $720-$1 ,000/ton - 60-1  00 tons 

1 .0 $375-$700/ton - 1 00-300 tons 

1 .o:t: $400-$500/ton - 30Q-500 tons 

1 .o:t: $350-$400/ton - 1 ,OOQ- 1 ,500 tons 

D/X Roof Top 

0.77 $1 , 1 70/ton - 1 5  tons 

N/A $780/ton - 25 tons 

Gas Engine-Driven Chil lers 

1 .5 $500-$600/ton - 1 50 tons 

with heat recovery 1 .9 $600-$800/ton - 1 50 tons 

1 .9 $450-$600/ton - 230-460 tons 

1 .4 $800-$850/ton - 30 tons 

1 .4 $530-$560/ton - 300 tons 

with heat recovery 1 .8 $560-$660/ton - 300 tons 

Desiccant/Dehumidifier 

1 .5 $700-$1 ,300/ton - 40 tons 

0.7 $900-$1 , 1  00/ton - 60-80 tons 

* 
COP = Coefficient of performance at full load. Part-load efficiencies for certain equipment can 

range up to 20 percent higher. 

t End-user cost; installation cost estimates are 20"k to 1 OO"k of equipment cost. 

* Based on the higher heating value (HHV) of the fuel. 

SOURCE: American Gas Association Survey of 1 0  gas cooling equipment manufacturers, 
February 1 991 . 

CONCLUSIONS on the air quality of the area they serve. As 
such, although gas equipment may be better 
from a global environmental perspective, elec­
tric equipment is sometimes preferred (i.e .  
gas-fired equipment restricted) in urban areas 
where they are not in attainment of established 
air quality standards. 

Increased gas demand in the commercial 
sector is likely from increased penetration of 
gas air conditioning and the installation of co­
generation or fuel cell systems. No major 
change in commercial sector gas consumption 
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TABLE 3·8 

ELECTRIC COOLING EQUIPMENT COST 

Electric Cooling Equipment Type 

High Efficiency Packaged Unit 
(up to 1 00 tons) 

High Efficiency Air Source Heat Pump 
1 to 3 tons 
5 to 30 tons 

Cost Range ($/ton) 

$475 to $775/ton 

$880 to $950/ton 
$500 to $725/ton 

High Efficiency Water Source Heat Pump 
(up to 20 tons) $275 to $525/ton 

Air Cooled Reciprocating Chiller 
20 to 40 tons 
50 to 75 tons 
1 00 to 1 50 tons 
1 50 to 200 tons 

Water Cooled Reciprocating Chiller 
5 to 50 tons 
75 to 1 50 tons 
1 50 to 300 tons 

Average Efficiency Centrifugal Chiller 
70 to 1 00 tons 
1 50 to 300 tons 
300 to 900 tons 
900 to 1 000 tons 

$325 to $525/ton 
$325 to $400/ton 
$275 to $375/ton 
$225 to $350/ton 

$375 to $575/ton 
$225 to $375/ton 
$200 to $325/ton 

$475 to $565/ton 
$250 to $300/ton 
$1 50 to $250/ton 
$1 25 to $225/ton 

High Efficiency New Centrifugal Chi ller 
w/VSD 
300 to 900 tons 

SOURCE: Edison Electric Institute. 

is foreseen from traditional commercial gas use 
applications (space and water heating) . Natu­
ral gas has a major challenge in penetrating the 
high rise market; there does not appear to be 
any major solution on the horizon in the short 
run. However, natural gas has a major share of 
the low rise market; some improvement is pos­
sible-as is the case in the residential sector. 
In some cases, . natural gas increases its market 
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$1 75 to $275/ton 

share by substituting for No. 2 or No. 6 oil in of­
fice buildings. Natural gas also has some op­
portunities in the NGV market, specifically with 
fleets (see Chapter Six for further discussion of 
NGVs) . 

There have been major advances in new 
gas chillers, but the equipment is still in the 
product introduction stage. Increased market­
ing efforts and the use of incentives is needed 



TABLE 3-9 

GAS EQUIPMENT PAYBACKS* 

Atlanta Chicago Phoenix 

Absorption Chil ler (300,000 sq. ft. 
office building) 

Tonnaget 400 600 200 

Incremental cost {$/ton} 227 1 85 245 

Payback {years} 5.4 4.0 5.4 

Desiccant Dehumidification 
(50,000 sq. ft. supermarket) 

Tonnaget 30 § 30 

Incremental cost {$/ton} 670 § 670 

Payback {years} 0.8 § 1 .4 

Engine-Driven Chiller (50,000 sq. ft. 
office building) 

Tonnage4fl 1 50 1 50 1 50 

Incremental cost {$/ton} 330 330 330 

Payback {years} 3.2 3.9 2.9 

• When rebates offered to purchasers of gas equipment of $1 00/ton are included, paybacks drop 
by as much as 1 .2 years. 

t Hybrid systems with 29 percent gas in Phoenix, 62 percent gas in Atlanta, and 1 00 percent gas 
in Chicago. No credit for heating mode. 

* Compared to an electric reciprocating system. 

§ The paybacks take credit for reducing air flow by 50 percent. This is not possible in a city like 
Chicago due to code restrictions. Thus, about 70 percent of the savings attributable to the system, 
which come about as the result of reduced fan horsepower, are not available in Chicago. This also 
means that the Chicago supermarket cannot take credit for reduced first cost with regard to smaller 
duct work. Simple payback in Chicago is over five years. Generally, gas desiccant system 
economics are site- and code-specific. 

� Compared to an electric centrifugal system. 

SOURCE: American Gas Association Survey of 1 0  gas cooling equipment manufacturers, 
February 1 991 . 

to spur market penetration. In the case of co­
generation, the commercial sector has seen 
the introduction of some packaged cogenera­
tion, generally in the neighborhood of 30- 1 50 
kilowatts of capacity per installation . The 
small scale cogeneration market is likely to 
grow rapidly as new equipment (e .g. , small 
turbines and fuel cells) are introduced and ac­
cepted by the market. Eventually; small scale 

cogeneration will have broad applicability 
throughout the commercial sector. Today, 
schools and hospitals have applied this tech­
nology on a significant scale. The equipment 
is generally of interest to commercial build­
ings with a large hot water need, e.g. apart­
ments or hospitals. Fuel cells, the next gener­
at ion of  cogeneration systems , are just 
beginning their commercialization phase . 
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Their high efficiency and environmentally be­
nign attributes could make them an attractive 
application in the commercial market . 

THE REGIONS 

The regional reports are briefly summa­
rized below. In general, a slight increase in 
commercial gas consumption is projected. 
Due to substantial conservation efforts and effi­
ciency improvements (e.g. double-effect versus 
single-effect cooling equipment) the projected 
increase is minimal. 

The areas of increase vary by region, but 
overall environmental ( 1 990  Clean Air Act 
Amendments) impacts will be favorable toward 
increased gas consumption. Relatively little 
growth is anticipated from conventional space 
or water heating. The growth sectors are in the 
areas of Natural Gas Vehicles and Gas Cooling. 
Cogeneration is also an area of increasing im­
portance. Gas IRP programs will also work to­
wards increased commercial consumption. 

Region One: Connecticut, Maine, 
Massachusetts, New Hampshire, 
Rhode Island, and Vermont 

As in the residential sector, commercial 
sector use in New England is also primarily 
firm year-round load, with roughly 85 percent 
of all commercial sector consumption on a firm 
basis. Commercial consumption increased 
from 87 .7  trillion BTU in 1 990 to 95.3 trillion 
BTU in 1 990, and accounted for 22.3 percent of 
total regional natural gas consumption in 1 990 . 
Within the commercial sector, the major users 
of gas include Re al Est ate ( ap artments) , 
Restaurants, Retail 'frade, Health Services and 
Hospitals , and Schools .  Interestingly, only 
Health Services and Hospitals consumed more 
gas on an interruptible basis than on a firm ba­
sis in 1 988. 

According to the Energy Information Ad­
ministration's State Energy Data Report Con­
sumption Estimates 1960-1990, of the 95.3 tril­
lion BTU of  energy consumed by the 
commercial sector in 1 990,  25.5 percent was 
produced by natural gas, 35.9 percent by elec­
tricity; 20.7 percent by distillate oil, 1 5 .3 per­
cent by residual oil ,  2 . 2  percent by other 
petroleum, and 0.5 percent by coal. While av­
erage growth in total commercial consumption . 
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in Region One was 1 .  7 percent per year from 
1 980 to 1 990, average annual growth in natural 
gas use was only 0.8 percent. Therefore, over 
the past decade, the market share of natural 
gas in New England's commercial sector has 
declined while the market shares of electricity; 
residual oil, and other petroleum have in­
creased. 

In comparison, 1 990 U.S. commercial sec­
tor energy consumption was almost equally 
represented by natural gas and electricity; with 
4 1 .6 percent and 43.2 percent of the fuel mix, 
respectively. Additionally, distillate and residual 
oil combined accounted for only 1 1 .0 percent 
of U.S. commercial consumption compared 
with 36.0 percent in Region One. The growth 
rates  in usage of  e ach fuel  over the p ast 
decade was fairly similar to that of New Eng­
land, although residual oil consumption de­
clined at an average annual rate of 8. 1 percent 
in the United States compared with an average 
annual increase of 1 .9 percent in New England. 

With only 25.5 percent of commercial sec­
tor consumption, natural gas could potentially 
increase its market share to a level similar to 
the United States as a whole. New natural gas 
technologies aimed specifically at the commer­
cial sector may aid in achieving some of this 
potential over the next decade. Natural gas­
fired air conditioners, especially for large com­
mercial applications, are well developed at the 
present time. The major constraints to achiev­
ing market potential for gas cooling technolo­
gies are high initial costs and lack of funds for 
market introduction. The natural gas-powered 
fuel cell is another technology with potential 
applications in the commercial sector since the 
ideal market for fuel cells are cogeneration 
candidates that have large continuous electric 
and thermal loads. These candidates include 
hospitals, nursing homes, and computer inten­
sive commercial properties. 

Region Two: New York and 
New Jersey 

The average annual growth rate for natural 
gas in the commercial sector, for 1 990-20 1 0, is 
estimated at 2 . 1 8  percent . The commercial 
sector market share increased from 22 percent 
to 40 percent in the p ast 2 decades. This 
seems to be due mainly to the dramatic de­
crease in the use of residual and distillate oil 



and other petroleum products from nearly 60 
percent to 25 percent. Natural gas has gained 
market share in the commercial sector by a 
substantial portion, even greater than the gain 
in the residential sector. It is expeCted that re­
cent environmental mandates will contribute to 
a continuing market share increase. 

Region Three: Delaware, Pennsyl­
vania, Maryland, Virginia, West 
Virginia, and District of Columbia 

Expected trends in gas share in the com­
mercial market include: 

• Region Three expects the gas portion of 
the commercial sector to continue to grow 
as the costs of electricity increase due to 
Clean Air Act compliance. 

• Gas consumption per commercial unit is 
expected to decline, but total commercial 
consumption is projected to increase on a 
slight to moderate basis. 

• As electric utilities take advantage of De­
mand Side Management opportunities ,  
the add-on heat pump will become a 
stronger competitor for the commercial 
space heating market . 

• Commercial office space continues to be 
designed with high lighting levels. 

Opportunities exist in the areas of space 
heating, water heating, air conditioning, power 
generation, and compressed natural gas vehi­
cles. Constraints to taking advantage of these 
opportunities include National Appliance En­
ergy Conservation Act (NAECA) pressure to 
develop new equipment , resulting in fewer 
competitive pieces; regulatory lag time be­
tween investment and rate base realization; re­
strictive building codes and slow acceptance of 
new technologies ; lack of rate recovery of mar­
keting expenses; and pipeline capacity and re­
strictive government regulations for expanding 
capacity. 

Region Four: .Alabama, Florida, 
Georgia, Kentucky, Mississippi, 
North Carolina, South Carolina, 
and Tennessee 

Commercial energy use is influenced pri­
marily by weather and demographics. Over 
the past ten yeaiS, the gross state product con-

tribution of the commercial sectors grew two to 
three times faster than the population. Highest 
growth was in wholesale trade, with services a 
close second. Though the gas customer base 
has grown considerably, conservation has off­
set this customer growth up until the past five 
yeaiS. 

Overall, commercial gas consumption 
growth is expected to be modest because of 
continued conservation. However, gas cooling 
holds a great deal of potential for load growth, 
particularly in the southernmost areas of the re­
gion. As a result , distribution companies have 
established gas cooling departments and have 
greatly enhanced their level of expertise over 
the past few years. Cogeneration is also being 
marketed heavily and there is a high level of in­
terest in the fuel cell. 

Region Five: Illinois, Indiana, 
Michigan, Ohio, Wisconsin, and 
Minnesota 

The demand for natural gas in the com­
mercial sector is higher in Region Five than in 
any other part of the nation .  The reasons for 
this are basically the same as in the residential 
sector : large population, cold winters, and low 
gas prices. Projected increases in natural gas 
and oil prices, as well as a projection for a de­
crease in commercial electricity prices, will 
make electricity more competitive in the space 
heating market . This is extremely important 
because space heating is the largest end use in 
the commercial sector. 

Commercial electricity prices in the re­
gion are expected to fall through 2000. After 
the year 2000, prices for all fuels are expected 
to rise, but the increases will be steeper for the 
fossil fuels. This outcome will more than likely 
enhance electricity's relative price position and 
allow electricity to capture heating market 
share from oil and natural gas. 

Gas-fired space-conditioning systems are 
currently the norm for new commercial build­
ings, but there is movement in the direction of 
electric technologies. Increased efficiency of 
both buildings and systems leads to lower 
heating loads, which shifts some of the total 
cost burden from fuel costs to capital costs. 
Electric furnaces are the lowest cost systems to 
install and thus will gain share in the construc­
tion market. 
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Region Six: Arkansas, Louisiana, 
Oklahoma, Texas, and New Mexico 

Commercial demand in Region Six ac­
counts for over 5 percent of total energy con­
sumption, and natural gas supplies 38 percent 
of the sector's needs. Electricity is the domi­
nant fuel in this market, averaging 45 percent. 
Energy efficiency in this sector is expected to 
improve as the fuel consumption per square 
foot of floor space declines by roughly one-half 
percent per year. 

Nearly all of the petroleum consumption in 
the commercial sector is devoted to space 
heating requirements. Due to the slow turnover 
of the commercial building stock, natural gas is 
not likely to penetrate the existing oil-heated 
building market rapidly. In the long run, gas 
will benefit from replacement of existing equip­
ment . Natural gas should become more attrac­
tive relative to distillate fuel oil in space heating 
applications, because of its clean-burning 
properties, lower costs of operation, and lack of 
storage requirement. 

This region expects the demand for co­
generation and fuel cells to increase, as the eco­
nomics improve and seasonal pricing is empha­
sized to reflect marginal supply costs. Also, the 
demand for space cooling in commercial appli­
cations is expected to grow, with the advent of 
new technologies like packaged cogeneration 
systems, heat pumps ,  and engine-driven 
chillers. Gas cooling and/or combined cooling 
and heating technologies are likely to account 
for a great share of the increase in commercial 
gas consumption. 

Overall, commercial demand for natural 
gas is projected to increase 1 . 1  percent annu­
ally through the year 2000. 

Region Seven: Iowa, Kansas, 
Missouri, and Nebraska 

Commercial consumption accounts for 24 
percent of total natural gas consumption in this 
region, and is expected to grow at an annual 
rate of 3 percent over the next 1 0  years. Com­
mercial gas consumption is largely a function of 
general economic conditions and the changes 
in the growth of commercial square footage. 

Gas cogeneration is a potential market , 
but not substantial until the economics improve. 
The biggest potential commercial application 
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expected by this region is in gas consumption 
by vehicles, due to amendments to the Clean 
Air Act Amendments of 1 990 and increasing 
national concern over the environment. 

The federal government will also establish 
a much broader program promoting clean 
fuels in 22 urban areas across the country. Un­
der this program, which begins in the late 
1 990s and covers 31 percent of the total fleet 
vehicles, fleets of 1 0 or more vehicles capable 
of central refueling will be required to purchase 
an increasing percentage of "clean fuel" vehi­
cles. While federal laws are not directly affect­
ing alternative vehicles in the Midwest ,  the 
general environmental concern nationally and 
the interest in developing pilot programs to test 
the technical/economic viability of alternative 
vehicles have indirectly impacted the Midwest. 

Region Eight: Colorado, Utah, 
Wyoming, Montana, North Dakota, 
and South Dakota 

The commercial market in this region is 
characterized by high saturation for space 
heating, minimal competition from other en­
ergy sources and minimum number of markets 
that do not have natural gas as an option. The 
regional industry needs to focus on a strategy 
to maintain and increase market share , while 
minimizing competition from other energy 
sources. 

Opportunities exist in gas cooling, small 
cogeneration units, and electric integrated re­
source planning as a result of Demand Side 
Management programs. These programs pro­
vide a significant opportunity for natural gas to 
increase its market share in this sector. In de­
veloping incremental sales through DSM pro­
grams and the additional gas cooling, the key 
drivers are to develop equipment that can be 
installed at a competitive rate with electric 
equipment. There is also a great need to con­
vince builders and the ultimate building own­
ers of the long-term economic benefits of natu­
ral gas. 

Region Nine: California, Arizona, 
and Nevada 

During the b ase period ( 1 9 88- 1 99 0) ,  
commercial energy demand in Region Nine in­
creased at an average 1 .6 percent per year. In 



1 990 total energy demand was over 700 trillion 
BTU, representing about 5 percent of the re­
gion's primary energy usage. Natural gas cap­
tured 43 percent of the commercial market 
share. 

Energy conservation efforts and techno­
logical advances in electricity applications 
have contributed to a slowly declining market 
share in the past decade. Technological ad­
vances in gas applications are slow to develop, 
due to minimal R&D efforts, and have been 
sometimes economically unattractive once de­
veloped as a result of first cost disadvantage. 
However, many companies in Region Nine are 
offering financial incentives for new gas tech­
nologies, such as gas cooling equipment , to 
offset the initial costs. 

The · major commercial sector end uses 
include space conditioning (heating and cool­
ing) , water heating, cooking, and process 
drying. 

Between 1 988 and 1 990, commercial co­
generation increased from 20 to 25 percent of 
the total cogeneration load in Region Nine . 
Hospitals were the single largest commercial 
cogeneration segment accounting for 26 per­
cent of commercial cogeneration gas use. 

Commercial penetration of the fuel cell 
has begun in Region Nine with the installation 

of ten 200-kilowatt molten-carbonate fuel cell 
units in commercial applications. 

Region Ten: Idaho, Washington, 
and Oregon 

Electricity accounts for 50 percent of the 
energy consumed in the region's commercial 
sector. Electricity competes successfully in all 
end uses including space heating, which is 
dominated by oil or natural gas in most other 
parts of the country. 

A major reason for electricity's dominance 
in the region is its low price. The price is ex­
pected to fall through 2000 . 

Despite the large demand for electricity, 
natural gas dominates commercial space heat­
ing. However, as technologies improve and 
electric systems become more competitive as 
the relative price of electricity declines, this 
dominance will wane. Gas furnaces will then 
be the second choice technology. 

The replacement market will cushion 
gas's decline in the space heating market . 
There is a substantial same-system bias in the 
replacement . Since gas furnaces account for 
the majority of systems up for replacement , the 
largest number for replacement systems will 
be gas-fired. 
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The industrial sector includes energy ma­
terials used in the manufacturing and mining 
industries of the United States. In addition, 
fuels not easily allocated to other sectors such 
as farm and miscellaneous uses are generally 
aggregated into industrial energy consump­
tion. These materials are consumed not only 
for fuel to provide heat and steam to industrial 
processes but also for specialty uses such as 
chemical feedstocks, asphalt , lubricants, fuel 
for off-highway vehicles,  and other applica­
tions. In 1 990, according to the State Energy 
Data System (SEDS) published by the Energy 
Information Administration (EIA) , industrial en­
ergy consumption, including an allocated share 
of electric utility generating losses, was 29.8 
quadrillion BTU (QBTU) and accounted for 
about 37 percent of total U.S. energy demand. 
On a net basis (excluding electric generating 
losses) , natural gas and oil represent the 
largest energy shares at 37 and 36 percent, re­
spectively. followed by electricity at 1 5  percent 
and coal at 1 2  percent. In addition to conven­
tional energy sources, which are reported and 
captured in published government data series, 
about 2 QBTU of nonconventional fuel is cur­
rently used in the sector. About three quarters 
of this fuel is biomass material consumed in the 
paper industry, with the remaining consump­
tion scattered across a wide range of fuels such 
as other biomass, geothermal, wind, and mu­
nicipal solid waste. 

Following a period of continuous growth 
through the earo/ 1 970s, industrial energy con­
sumption has been characterized by periods of 

growth and sharp declines for the last 20 years 
as shown on Figure 4- 1 .  The declines have 
been primarily driven by economic cycles and 
the impacts of the oil price spikes in 1 973 and 
1 979 .  In addition, significant improvements in 
energy efficiency and a shift of industrial activi­
ties toward a less energy intensive mix has low­
ered overall energy demand. The net result of 
the economic and efficiency trend is a 1 990 net 
industrial energy demand of about the same 
level as in 1 9 7 5  in spite of a 65 percent in­
crease in industrial activity. 

OVERVIEW 

Model Results 

The NPC Model runs for Reference Cases 
1 and 2 project total lower-48 industrial natural 
gas demand ranging from 8,908 to 6,082 trillion 
BTU (TBTU) in 20 1 0  respectively. The results 
and assumptions used in the model projections 
are discussed in detail in Chapter Eight of this 
report. The model summarizes results in three 
broad categories: boilers, cogeneration, and 
process/other uses. Model results are pre­
sented in Table 4- 1 .  The difference between 
the two model scenarios is driven by the eco­
nomic and efficiency assumptions in the two 
Cases. Reference Case 1 is based on a 2 .7  
percent per year industrial production growth 
between 1 990 and 20 1 0  and energy intensity 
and industrial mix trends roughly consistent 
with the trends observed between 1 983 and 
1 990. Reference Case 2 is based on a 2 .25 
percent per year industrial production growth 
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Figure 4-1 .  Industrial Sector Energy Demand. 

and energy intensity and industrial mix trends 
roughly consistent with the trends observed 
between 1 973 and 1 980. In both Cases, as­
sumptions and model results yield delivered 
natural gas prices to industrial customers that 

TABLE 4-1 

NPC MODEL RESULTS* 
LOWER 48 INDUSTRIAL SECTOR 

GAS DEMAND-TBTUS 

1 990 201 0 
Reference Reference 

Case 1 Case 2 
Boilers 2,831 3,783 2,224 
Cogeneration 748 1 ,488 1 ,447 
Process Use 3,467 3,637 2,41 1 

Total 
Demand 7,046 8,908 6,082 

* Excludes lease and plant fuel. 
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keep fuel switchable customers burning gas. 
No significant new technologies were included 
that would either increase or decrease the nat­
ural gas market share. The significant drivers 
of future energy demand in the industrial sec­
tor; overall industrial growth, industrial output 
mix, and current fuel use patterns are dis­
cussed in more detail in the rest of the . 
Overview section. 

Industrial Activity Measu:rement 

The common and closely followed mea­
sure of industrial activity is the Federal Reserve 
Board's Index of Total Industrial Production 
commonly referred to as the FRB index. This 
index provides a single series indicating the 
relative value of the industrial sector to the 
economy by combining physical outputs of 
various industries through a dollar weighting 
process. Each measured physical output is re­
lated to a dollar value in a base year depend­
ing on the estimated value of the output. The 
total dollar value of all the measured outputs in 
the base year is assigned the index number of 
1 00 .  As the physical outputs of the various 



segments change over time , the dollar 
weighted total is recalculated and compared to 
the base year total value, yielding the compos­
ite index. The FRB index is estimated monthly 
by the Federal Reserve Board. Periodically 
(every five to  ten ye ars) all series are 
reweighted to reflect value/unit output changes 
and the index is re-benchmarked. In addition, 
weighting changes are also made on a more 
frequent b asis to account for significant 
changes in output mix between the major up­
dates. 

While serving as a useful measure of the 
overall industrial contribution to the economy, 
the total FRB index has significant limitations as 
a measure or predictor of energy consumption. 
As a result of the dollar weighting aggregation, 
high value added industrial activities, which 
may consume little energy on a unit basis, con­
tribute more to the index than low value added 
energy intensive industries. In addition, cur­
rently about 8 percent of the FRB index is from 
utility sales that do not contribute to energy de­
mands reported in the industrial sector. 

Industries are normally classified based 
on the industrial groups identified in the Stan­
dard Industrial Classification Manual, 1 987, pub­
lished by the Office of Management and Bud­
get . The classifications commonly called SIC 
codes group industries together based on sim­
ilar manufacturing activity. 

Industrial .Activity Measurement 
Masks Underlying Energy Trends 

Table 4-2 shows the relative contribution 
to the total FRB index of various major indus­
tries for the current base year ( 1 987) along 
with energy and natural gas consumption data. 
The manufacturing industries are ordered from 
highest to lowest energy consumption. As 
shown on the table, the top five energy con­
suming industries in 1 988 (petroleum, chemi­
cals , primary metals , paper, and stone, clay, 
and glass) accotmted for almost 1 2  QBTU out of 
the 15 .5 QBTU or about 77 percent of the total 
energy reported for manufacturing. If feed­
stocks were included, the share would be even 
higher since virtually all feedstock consump­
tion is in the top five industry groups. As indi­
cated on the table, these industries accotmted 
for less than 20 percent of the composite dollar 
weighted total FRB in 1 987 . The second five 

energy consuming industries accounted for 
about 1 5  percent of energy consumption and 
contributed about 35 percent of the total FRB , 
with the remaining ten manufacturing indus­
tries accounting for 8 percent of energy de­
mand and contributing almost 30 percent of the 
total FRB . Natural gas consumption parallels 
the energy trends with the top five energy con­
suming industries consuming 7 3 percent, the 
second five 1 9  percent , and the remaining in­
dustries 8 percent of natural gas consumption. 

Data for the mining industries are shown 
at the bottom of the table. The largest contribu­
tion to energy and natural gas demand from 
mining is from SIC 1 3 , oil and gas extraction. 
This industry (oil and gas production and natu­
ral gas liquids extraction) ranks fifth overall in 
total energy consumption and is second only to 
chemicals in natural gas consumption. In total, 
mining contributes about 8 percent of the total 
FRB, with both the FRB and energy contribution 
dominated by SIC 1 3. 

Since there is a large disparity between 
energy use and natural gas consumption and 
the dollar weighted output contribution of the 
industrial sector, the mix of industries produc­
ing in the economy is a significant factor in tm­
derstanding historical and projecting future in­
dustrial energy demands. 

Manufacturing Moving Towards 
Less Energy-Intensive Output Trend 

Figure 4-2 illustrates the impact of the 
changing mix of two-digit SIC industrial output 
on the energy-intensity of manufacturing indus­
tries. The solid line on the chart shows the 
trend of all manufacturing on a dollar output 
weighted basis as measured and published by 
the Federal Reserve Board. The upwardly slop­
ing dashed line shows a similar trend calculated 
on an energy weighted basis. This line was cal­
culated assuming a weighting equal to the 1 988 
Manufacturing Energy Consumption Survey 
(MECS) energy use and indexed at 1 987 = 1 00 
to compare to the FRB series. The line shows 
the trend in manufacturing energy consumption 
as a result of the changing mix of industrial out­
put exclusive of energy conservation. 

The growth rate table on the chart illus­
trates the trends in the two series for three dis­
tinct time periods: 1 960- 1 979 ,  1 979- 1 983, and 
1 983- 1 990. During the period of 1 960- 1 979 ,  
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SIC 

TABLE 4-2 

COMPARISON OF INDUSTRIAL ENERGY AND NATURAL GAS 
CONSUMPTION TO OUTPUT SHARES 

Energy 
consump- Natural 

1 987 
Share of 

Code DescrlpUon aon (TriiUon Gas ProducUon 
BTU) (BCF) lndexf 

Manufacturing Industries 1988 MECS* 
29 Petroleum and Coal Products 3,1 22 702 1 .3 
28 Chemicals and Allied Products 2,862 1 ,466 8.6 
33 Primary Metal Industries 2,622 720 3.3 
26 Paper and Allied Products 2,347 41 5 3.6 
32 Stone, Clay, and Glass Products 1 ,000 451 2.5 

Top Five Energy-Consuming Industries 1 1 ,953 3,754 19.3 
20 Food and Kindred Products 996 473 8.8 
24 Lumber and Wood Products 404 34 2.0 
37 Transportation Equipment 349 1 34 9.8 
34 Fabricated Metal Products 343 1 97 5.4 
35 Industrial Machinery and Equipment 276 1 23 8.6 

Second Five Energy-COnsuming Industries 2,368 861 34.5 

22 Textile Mill Products 275 90 1 .8 
30 Rubber and Misc. Plastics Products 252 1 07 3.0 
36 Electronic and Other Electric Equipment 21 5 82 8.6 
27 Printing and Publishing 1 1 5  47 6.4 
38 Instruments and Other Related Products 1 1 3 31 3.3 
25 Fumiture and Fixtures 63 22 1 .4 
23 Apparel and Other Products 54 . 21 2.4 
39 Misc. Manufacturing Industries 41 1 9  1 .2 
21 Tobacco Products 24 2 1 .0 
31 Leather and Leather Products 16 5 0.3 

Remaining Manufacturing Industries 1 ,168 426 29.5 

Total Manufacturing 15,489 5,141 83.3 
Mining Industries 1987 Census• 

10 Metal Mining 1 1 9  33 0.3 
12 Coal Mining 1 63 1 1 .2 
1 3  OiVGas Extraction 1 ,381 1 ,01 1 5.7 
14 Other Mining 305 85 0.7 

Total Mining 1 ,968 1 ,1 30 7.9 
Other Industries 

91 Govemment Ordinance ? 1 .2 
491 Electric Utility Sales 6.0 
492 Gas Utility Sales 1 .6 

Total Other 8.8 
Total All Industries In FRB Index 100.0 

* Data from the 1 988 MECS exclucfmg feedstocks and including non-commercial fuels. MECS data 818 
not diractly comparable to industrial sector energy consumption data reported in other aeries. 1987 Census 
18fel8 to data fRlRI the 1 987 Census of Mineral Industries pubfished by the Department of Commetce. 

t Share tolala may not add due to Independent I'OU'lding. 
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Figure 4-2. U.S. Manufacturing Mix Change. 

manufacturing grew at about the same rate as 
total industrial production with the energy in­
dex tracking roughly in step with the FRB in­
dex. During the period of 1 979- 1 983, signifi­
cant change took place in the manufacturing 
sector of the United States both in energy use 
and manufacturing output . As a result of the 
back-to-back recessions in 1 980 and 1 982 ,  
overall output of  the manufacturing sector did 
not grow between 1 979  and 1 983. Over the 
same period, the energy index fell at an aver­
age rate of 3.0 percent per year. The reduc­
tion of the energy weighted index illustrates 
the significant restructuring of American in­
dustry that occurred across the 1 9 7 9- 1 983 
time period. Output from heavy industry was 
reduced, with less energy-intensive, higher 
value added industries becoming a much 

more significant part of manufacturing output. 
From 1 983- 1 990 ,  the economy continuously 
expanded. Overall manufacturing FRB grew at 
4 .5  percent per year, the same rate as from 
1 960- 1 97 9 ,  and about 20 percent faster than 
the total index of industrial production. The 
energy output index, however, fell at a rate of 
more than twice the 1 960- 1 979  rate, indicating 
a continued shift towards a less energy-inten­
sive manufacturing mix . 

Future Output Mix Key Variable in 
Size of Potential Industrial Energy 
Market 

Figure 4-3 shows the impact of various fu- · 
ture manufacturing mix change assumptions 
on overall energy intensity. If all manufacturing 
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industries were to grow at the same rate in the 
future, the result would be a horizontal line at 
an index level of 1 .  The plotted lines indicate 
the trends expected based on the observed 
changes in the manufacturing sector for the 
three time frames discussed previously. While 
it is unlikely that mix changes on the order of 
those observed between 1 979- 1 983 will occur 
in the future, there is no consensus on the 
overall future trend. However, it is clear that 
the future of the mix of output in the industrial 
sector is a key variable in determining the size 
of the future industrial energy market. 

Conservation Measurement Com­
plex, But Driven by Conventional 
Economic Calculations 

The industrial sector is perhaps the most 
easily understood sector regarding the imple­
mentation of energy conservation technologies 
since the sector responds to classic economic 
calculations. Energy efficiency investment de­
cisions are made in competition with other in­
vestment opportunities based on return on in­
vestment and competition for other resources 
(manpower, etc.) . In general, companies in the 
major energy-consuming manufacturing SICs 
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are sophisticated energy users who evaluate 
energy costs relative to other costs on a routine 
basis. These users typically have multiple fuel 
options and a variety of potential projects avail­
able to reduce overall energy use and cost at 
the site. In some of the less energy-intensive 
industries, energy costs are a smaller portion 
of overall costs and probably receive somewhat 
less attention. However, given the extremely 
competitive nature of the industrial sector and 
the large amount of attention focused on en­
ergy consumption over the last twenty years, it 
is unlikely that any industrial facility today is un­
aware of its energy needs, opportunities to re­
duce consumption, or the potential for diversi­
fying fuel mix. 

Figure 4-4 shows the trend of industrial 
energy demand ( 1 990 SEDS) relative to the to­
tal FRB. This trend reflects the mix change be­
tween the broad categories of industrial output 
discussed previously and energy conservation. 
In addition, there have been other changes 
within the broad two-digit SIC categories as 
U.S. manufacturers have shifted their output to­
ward higher value products. For example, U.S. 
steel output is more heavily oriented towards 
higher value and quality steels than was the 
case 20 years ago. This same trend is typical 
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Figure 4-3. Potential Mix Change Impacts. 
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Figure 4-4. Industrial Energy /Unit Activity. 

for most industries and reduces the apparent 
unit energy consumption when using a dollar 
output divisor. While the energy impacts of 
these "internal" SIC mix changes have not 
been generally studied, they have probably 
contributed to the decline in energy consump­
tion/output ratio. 

MECS develops energy trends per con­
stant dollar of shipments data as part of its en­
ergy use analysis of the manufacturing indus­
tries. The intensity ratios show an average 
improvement for all manufacturing of about 5 
percent per year from 1 980 to 1 985 and about 
1 .5 percent per year from 1 985 to 1 988. These 
ratios are based on purchased energy and do 
not include the impacts of any change in con­
sumption of locally produced fuel. 

In late 1 990, the EIA conducted a series of 
roundtables with the major energy consuming 
industries that discussed, among other things, 
energy efficiency. The following discussion, 
summarizing the results of the round table, was 
published in Changes in Energy Intensity in the 
Manufacturing Sector 1 980-1 988 and points out 

the complex interaction of fuel use in the manu­
facturing sector. 

Among the factors noted that increase or 
facilitate energy efficiency improvements are: 

• Improved energy management consists of 
better equipment maintenance, improved 
insulation, lowering thermostats, routine 
energy audits, and conservation goals. 

• Computer controls and instrumentation al­
low companies to track energy use and 
keep processes running at optimal effi­
ciency. 

• Heat recovery and heat exchange involves 
lowering stack temperatures, the installa­
tion of waste-heat recovery boilers, and 
condensate recovery. 

• Improvements in electricity cogeneration, 
including switching to gas turbines, have 
been an important factor in improving en­
ergy efficiency. 

• Increases, renovations, and turnover in 
production capacity commonly incorpo­
rate technological advances and improved 
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operational techniques that have allowed 
many industries to increase energy effi­
ciency. 
The participants also cited several factors 

that directly increase energy consumption per 
unit of product and, therefore, decrease energy 
efficiency: Among these factors are: 
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• Environmental regulations, which often 
involve a direct energy cost with no in­
crease in output, may have a negative im­
pact on energy efficiency. The imple­
mentation of  these regulations often 
absorbs financial resources that might 
otherwise be used for projects to im­
prove energy efficiency. 

• Improvements in product quality fre-
. quently result in increased energy con­

sumption per unit of product produced. 
Such improvements frequently result in a 
higher value of the product so that total 
energy cost as a percentage of the price 
of the product decreases. However, en­
ergy consumption per unit of product in­
creases, resulting in decreased energy ef­
ficiency. 

• Overutilization of capacity frequently re­
sults in decreased energy efficiency be­
cause previously idle underused equip­
ment and processes, which frequently are 
less energy-efficient, are used in order to 
get extra production. Despite the ineffi­
ciency, such activities are profitable be­
cause extra output is obtained with no 
capital investment , and because energy 
costs are often a small proportion of total 
costs. 

• Weather conditions affect the energy con­
sumption of building conditioning sys­
tems. This factor is more important in 
those industries not dominated by pro­
cess energy use but have large floor 
space areas. Examples of such industries 
include the motor vehicles industry and 
electrical and electronic equipment manu­
facturers. 

• Economic conditions may adversely affect 
energy efficiency in a number of ways. 
Energy prices and availability determine 
the incentives for investing in projects that 
conserve energy: Expanding markets re­
quire the expansion of capacity. which im­
proves energy efficiency by bringing in 

new technologies. Conversely, economic 
stagnation is typically coupled with a 
slower rate of energy-efficiency improve­
ment. In general, interest rates and the 
availability of capital also affect corporate 
investment decisions, including invest­
ments in energy conservation. 

• Energy efficiency potential continually de­
creases as a process approaches its theo­
retical limit of efficiency. Most of the 
" e asy" efficiency gains were imple­
mented in the late 1 970s and the early 
1 980s. 

The EIA summarizes the p articipants' 
comments as follows: 

Thus, according to the round table 
participants, energy efficiency in the 
manufacturing sector is a function of 
technological advancements, eco­
nomic conditions, and a variety of 
production factors. Most manufactur­
ers view energy from a purely eco­
nomic perspective. Accordingly, en­
ergy investments are subj ect t o  
return-on-investment c alculations 
and must compete with other pro­
jects for scarce capital. Energy in­
vestments are also subject to risk 
analysis because of the volatility of 
energy prices. tntimately, what moti­
vates manufacturers actions with re­
gard to energy is energy cost, rather 
than efficiency or consumption. Im­
provements in energy efficiency of­
ten result from projects whose pri­
mary purpose is to increase 
production, to improve quality. or to 
replace worn-out equipment. Few 
major capital expenditures are justi­
fied solely on the basis of improving 
energy efficiency. 

As pointed out in the swnmary. energy is only 
one of many factors that a business must con­
tend with in its day to day operations. Most ob­
servers would agree that market success re­
quires the pursuit of an optimum combination 
of all factors rather than focused attention on a 
single input. 

Industrial energy efficiency will improve 
with time. However, progress will be difficult to 
quantify accurately as a result of the complex 
interaction of numerous factors that impact en-



ergy use as well as the difficulty of measuring 
outputs on a consistent physical basis. 

Oil Demand Reported in Industrial 
Sector Predominantly for Special­
ized Uses 

Table 4-3 shows 1 990 industrial oil de­
mand by federal region grouped by oil type 
developed from the source documents. The 
data closely match the SEDS totals for the conti­
nental U.S. While virtually all industrial fuels 
compete with each other at the margin, there 
are a number of end uses where one form of 
energy has an inherent advantage over its com­
petitors. Table 4-4 reorganizes the oil demand 
data into product categories with similar end­
use characteristics. The top portion of the 
table summarizes oil demand for use cate­
gories where oil has a market advantage over 
competing fuels as a result of the nature of oil 
itself. These markets are: 

Refining: During the refining process, by­
product, low pressure, light hydrocarbon 
gas (still gas) is produced and coke is de­
posited on catalyst. These materials are 
consumed within the refinery since there 
generally is not a commercial outlet avail­
able . In 1 990 ,  these two products ac­
counted for almost 20 percent of the oil 
consumption in the industrial sector. 
Since these fuels cannot be easily sold 
commercially; their substitution potential is 
limited. 

Feedstocks: About 39 percent of the oil 
demand in the industrial sector is for 
chemical feedstock use, primarily for the 
production of ethylene and other oleflns 
from steam cracking. While chemicals 
can be made from other feedstock 
sources and processes, it is unlikely that 
alternative feedstocks will make signifi­
cant inroads into this market. 

Mobile Use: Significant quantities of distil­
late are used within the industrial sector to 
provide fuel for off-road vehicles and 
other equipment needs. To the extent that 
these uses are in fixed locations, natural 
gas may be able to compete. However, it 
is generally believed that the bulk of these 
fuels is consumed at construction sites 
and other remote locations, where oil be-

cause of its portability has an economic 
advantage over gas. 

Pcirm Use: Oil use on farms is allocated to 
the industrial sector in SEDS. Most of the 
farm use is diesel, which is used in mo­
bile equipment. In addition, farms tend to 
be remote and widely spaced, making 
this market an unlikely one for gas pene­
tration. 

Gas Utility Use: Gas utilities use liquefied 
petroleum gas (LPG) to provide peak ca­
pability on the natural gas delivery sys­
tem. Additional storage might obviate the 
need for some of this LPG, but it is unlikely 
that its use will be displaced from the role 
of increasing the peak day delivery capa­
bility of the natural gas system. 

Specialty Uses: A variety of oils ac­
counted for in the industrial sector can be 
characterized as specialty oils. These in­
clude asphalt , lubricants, special naph­
thas (solvents) , and other uses .  These 
uses, which account for almost 20 percent 
of oil demand, are unlikely to be im­
pacted to any significant degree by fuel 
substitution. 

The remaining oil end uses, which totaled 
400 thousand barrels per day (MB/D) and ac­
counted for less than 1 0  percent of industrial oil 
demand in 1 990,  are summarized on the bot­
tom half of the table. 

Quantity of Bulk Oil Use in 
The Industrial Sector Bas 
Been in Steady Decline 

The industrial bulk uses of oil as defined 
in Table 4-4 have been steadily declining since 
1 979,  as shown on Figure 4-5. In 1 980, the EIA 
changed its data reporting system for kerosene 
and fuel oil sales and hence it is not possible to 
extend the chart  prior to 1 97 9 .  The table 
shows the numerical data  on the demand 
trends for the period from 1 979 to 1 983 and for 
1 983- 1 990. From 1 97 9  to 1 983 , demand for all 
types of industrial oil was decreasing in re­
sponse to the oil price spike in 1 979  and the 
back-to-back recessions of the early 1 980s. 
Since 1 983, non-bulk uses of oil have increased 
to about 400 MB/D above their 1 97 9  total. Bulk 
oil use, however, continued its decline across 
the entire period to its current level of 
400 MB/D, 1 million barrels per day below the 
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TABLE 4-3 
1990 INDUSTRIAL OIL DEMAND BY FEDERAL REGION 

011 Demancl l!!!!u•nd Ballllle I!!! Dal} 
.... llld Sou1h 8.Waat North South NoJtb. Cont IIMJITUf u.s. 

Englancl NYINJ Atlanllo Atlanllo lllclwwt Cenhl Cenhl Central Pllclfto w.t u.s. Balftl TBTU Sou!aeiCommem. 

SliD aa.Fuel 0 22 30 22 04 208 14 23 1 1 8  20 809 8.000 1 334  Total StiD Gas :rn PADD EIA PSA. 
SliD Gas-Chem Feed 0 4 8 1 0 48 0 0 3 0 80 8.000 131 Cham Feed E mate. last ruportecl value 1 985. 

To1al SliD Gu 0 28 38 2S 14 314 14 2S 111 20 881 8.000 1485 Regions prorated baled on l8llneJy eapecllles. 
Elhane-lnciiHilrtal 1 0 0 0 0 0 0 0 · o  0 1 3.082 1 LPG Da1a from 1990 API LPG Sales Report. 
Ethane-Gas Ultllly 0 0 0 0 8 0 1 0 1 0 10 3.082 1 1  Elhan&-Mtsc. 0 0 0 0 0 0 0 0 0 0 0 3.082 0 
Ethane-Cham Feed 0 0 0 0 5 478 18 0 0 0 499 3.082 581 Propane.lnduslllal 3 2 8 1 8  13 12 7 4 1 1  3 79 3.838 1 1 1  
Propane-Gas UtBlly 3 0 0 1 1 2 1 0 0 0 8 3.838 1 1  
Propane-Misc. 0 0 0 0 0 0 0 0 0 0 0 3.838 0 
Propan&-Chem Feed 1 8 7 1 1  24 329 8 2 8 0 398 3.838 554 
Blllan&-lnduslrlal 0 0 1 1 2 4 0 1 1 1  0 20 4.326 32 
Blllane-Gas Ullllly 0 0 0 0 0 0 0 0 0 0 0 4.326 0 
Blllan&-Mtsc. 0 0 0 0 0 0 0 0 0 0 0 4.326 0 
Blllan&-Chem Feed 0 1 0 1 4 80 7 1 0 0 04 4.326 1 48  
C5f. Chem Fd 0 0 0 0 2 38 11 0 0 0 49 5.418 rn 

Total LPG • • 14 32 II 141 51 • 31 3 1158 3.817 ,. 

Moga&-lndustrial 2 4 7 19 1 7  1 7  1 0  8 10 4 118 5.253 1 88  Agrlcu!ural, lndustrlaliCommerclal and 
Construction Mogas ruportecl by DOT. 

KeJosene.lnduslrlal 0 2 0 1 1 1 0 0 0 0 5 5.870 10 
KenJsene.Farm 1 0 0 0 0 0 0 0 0 0 1 5.870 2 Ke1088ne data from 1990 EIA Fuel ou 
Ken:Jeene.Oiher 1 0 0 0 0 0 0 0 0 0 1 5.870 2 and Ke10118na Sales Raport. (FOKS) 

Totai K-ne 2 2 0 1 1 1 0 0 0 0 7 5.870 14 

Dlst 11-lndu&1rlal 0 0 0 0 2 0 0 2 0 0 4 5.825 9 Distillate data from 1990 EIA FOKS. 
�ann 1 2 8 34 a7 :17 32 18 25 13 205 5.825 438 
Dlesei-ConslrUcllon 3 s II 1 8  1 5  22 4 5 17 4 102 5.825 217 01-"'0IIer 0 0 0 4 1 2 0 0 2 4 1a 5.825 28 
Equipment Diesel 2 2 1 a  24 1 5  17 2 II 21 4 1011 5.825 232 
Dlst 12-lndUSidal 5 4 7 1 2  8 53 2 4 4 2 99 5.825 210 
Dlst 112-Farm 0 2 1 0 a 0 1 1 0 0 8 5.825 17 
Dlst nMiscellaneous 0 0 0 0 0 0 0 0 0 0 0 5.825 0 
Dlst 14-lndUSidal 1 2 1 1 0 0 0 0 2 0 7 5.825 15 

Total Dlatlllate 12 17 a7 113 711 131 41 :Ill 71 27 547 5.830 1 114 

HF�ndulllrlal 24 21 24 35 1 8  8 a 1 4 8 144 8.2B7 330 HFO data from 1990 EIA FOK8. Slandanl 

::..�Company 0 1 8 1 8 0 0 1 1 1 111 8.287 44 oonveralon lador uSed assumes high sumur 
0 0 0 0 0 0 0 0 0 0 0 8.287 0 fuel o0 and overstates BTU oonsu�. 

Totai HFO 24 22 30 38 28 8 3 2 II 7 183 8.287 374 

Coke-Ca1alyllo 0 1 1  1 5  8 32 101 5 7 28 5 212 8.024 488 Colle by PADD EIA PSA. 
Colcii-MaJtall 0 2 7 8 48 :11 7 8 15 a 125 8.024 275 Regions based on rellnery capacities. 
Cruda OD 0 0 0 0 0 0 0 0 21 0 21 5.800 44 Cruda oU au In PADD V and assumed In CaUfomla. 

Total HYr Other 0 13 22 14 10 132 12 13 84 • 358 8.007 71111 

Naphtha Cham Feed 1 2 2 37 1 7  1 1 7  4 0 2 0 1 82  5.248 349 Chern Feed by PADD EIA PSA. Regions based on Heavy Chern Fled 0 0 0 72 18 2511 5 1 0 0 355 5.825 755 popula11on. 
Total Hvr Cham Fd 1 2 2 108 35 378 • 1 2 0 &37 1.833 1 104 

=:Naplt1ha 2 3 4 1 1  1 5  18 4 0 1 0 58 5.248 1 1 1  8peclally produds by PADD PSA. Regions 
llluct 2 4 4 1 2  8 25 1 2 1 1 sa 5.7118 123 generallyJ:.:Illted baled on populallon. Lubas 

Lubas 3 8 8 1 8  1 1  ao 5 1 8 2 84 8.085 188 lndustlla flUISPOnatlon 11()1! based on 10 BEDS. 
=" 1 8  25 51 85 1 1 0  58 a1 24 50 111 481 8.838 1 1115 All()haa dJstiiJutlon baled on Asphalt lnstallla sales. 

0 1 1 3 1 8 0 1 1 0 18 5.537 32 
To1al 8peolally 25 :Ill 88 137 143 1:111 41 28 II 22 817 8.358 1817 

Total Oil 74 134 214 ft4 1134 2011 181 122 381 111 4232 5.332 8237 

NOTE: BEDS - EIA 8tB1II Energy Da1a Sys1Bm. PSA - EIA Petloteum Supply Annual, API - American Petroleum lnstallla 
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TABLE 4-4 

1 990  INDUSTRIAL OIL DEMAND TABULATION BY SUBSTITUTION POTENTIAL 
(Regional Data In Thousand Barrels per Day) 

N- IIIII - S.Weet North - N- cant IIIIITUI u.s. 
l!npnol NY/NJ aa.ntlo aa.ntlo .. ..._ CeniNI centrlll c.ntral .....,.. Woot u.s. Barrel TBTU 

_ .,....I Uooo -
818 Gas-Fuel 0 22 so 22 94 288 14 23 1 1 8  20 809 8.000 1.334 Coke.C.talytc 0 1 1  1 6  8 32 101 6 7 28 6 212 8.024 488 
Tolll lltlllnlnf 0 " ... 10 1 111 .. 18  10 144 II 821 I .Dill 1 ,1011 

818 Gao-CIMm Feed 0 4 8 1 0 ... 0 0 3 0 80 8.000 1 31 
Elhlfte.Chem Feed 0 0 0 0 6 478 18 0 0 0 488 3.082 681 
Prql.....a.m Feed 1 8 7 , 24 328 8 2 8 0 388 aeaa 664 
Butan•Chem Feed 0 1 0 1 4 80 7 1 0 0 94 4.328 148 
C&+ Chem fd  0 0 0 0 2 38 1 1  0 0 0 48 6A18 87 
Naphlha Cham Fold 1 2 2 37 17 1 17 4 0 2 0 182 6.248 348 
HeiNY Cham Feed 0 0 0 72 18 268 6 1 0 0 366 6.826 766 

Toll! ......,... I 11 11 111 711 1 ,148 11 4 1 1  0 1 ,111 4.341 ..... 

Moeo•lnduatdal 2 4 7 18 17 17 10 8 1 0  4 81 6.263 1 81  
Dloooi-CcnsiiUcllan 3 6 8 1 8  1 5  22 4 6 1 7  4 102 6.826 217 
Dlooal.other 0 0 0 4 1 2 0 0 2 4 13 6.826 Ill 
Eqlllpmlnt lllasel 2 2 1 3  24 15 17 2 8 21 4 1 09  6.826 232 
Tolal llablle Uoo 7 , n .. ... .. ,. II 10 18 Ill 1.818 181 

Ke.....,..Fann 1 0 0 0 0 0 0 0 0 0 1 6.8711 2 
DI-Fann 1 2 8 34 � � 32 18 26 13 205 6.826 438 
Dlot l2.f'ann 0 2 1 0 3 0 1 1 • 0 8 6.826 17 

Toiii P..,. Uoo I 4 7 14 40 17 " ,. II 11 114 1.111 -

Ethane-Gas Ulllly 0 0 0 0 8 0 1 0 1 0 10 3.082 1 1  

�a:-= 3 0 0 1 1 2 1 0 0 0 8 3.838 1 1  
0 0 0 0 0 0 0 0 0 0 0 4.328 0 

Toiii Ciae UIIIIty I 0 0 1 • I I 0 1 0 11 U41 II 

�Maillet 1 8  26 61 85 1 10 68 31 24 60 18 481 8.838 1 1 86  
0 2 7 8 48 31 7 8 16 3 1 26  8.024 276 

Lubes 3 8 8 18 1 1  30 6 1 8 2 94 8.086 1 88  
Ml8c Plllduct 4 4 12 8 26 1 2 1 1 68 6.788 123 

� Naphh 2 3 4 , 16 18 4 0 1 0 68 6.248 1 1 1  
0 1 1 3 1 8 0 1 1 0 18 6.637 32 

Totol llpeofiiiJ II 41 71 141 181 1'111 48 14 74 • - uoe 1 .. 

Tolal llnlque Uoo 17 1 01  188 .. 484 1 ,181  188 101 107 78 I ,Ill I.J11 7,411 

- BIIIk l'uel -
Ethane-lndullltll 1 0 0 0 0 0 0 0 0 0 1 3.082 1 
Ethane-Misc. 0 0 0 0 0 0 0 0 0 0 0 3.082 0 
.....,.,..nduslllll s 2 8 1 8  1 3  1 2  7 4 1 1  3 79 3.838 1 1 1  
Pnlpane-MIIIC. 0 0 0 0 0 0 0 0 0 0 0 3.838 0 
Bulano-lnduslllll 0 0 1 1 2 4 0 1 1 1  0 20 4.328 32 
Bulano-MiiiC. 0 0 0 0 0 0 0 0 0 0 0 4.328 0 

Toiii LI'G  4 I 7 ,. 11 18 7 I II a 1 00  U41 1 48  

Ke-·IIIWBirlal 0 2 0 1 1 1 0 0 0 0 6 6.8711 10 
Keraeene-Otler 1 0 0 0 0 0 0 0 0 0 1 6.8711 2 
Dlot 81·lndualrlal 0 0 0 0 2 0 0 2 0 0 4 6.826 II 
Dlot ft.lncluBirlal 6 4 7 1 2  8 63 2 4 4 2 88 6.826 210 
Dllt ft.lollc. 0 0 0 0 0 0 0 0 0 0 0 6.826 0 
Dlot 14-lndualrlal 1 2 1 1 0 0 0 0 2 0 7 6.826 16 

ToW bo>Didllate 7 • • 1 4  • 14 I • • I 118 1.810 148 

HfO.IncluBirlal 24 21 24 S6 18 8 3 1 4 8 148 8.287 330 
HfO.OII Campany 0 1 8 1 8 0 0 1 1 1 18 8.287 44 
HFO-Oiher 0 0 0 0 0 0 0 0 0 0 0 8.287 0 
CIUde Oil 0 0 0 0 0 0 0 0 21 0 21 6.800 44 
ToW If-r Oll 14 II 10 H Ill • I I n 7 114 8.314 418 

Toiii Buiii OB • II ... 88 10 78 11 11 14 11 - 1.114 108 

Totoi OU 72 1 14 114 484 114 .... 181 111 181 ., 4,DI I.JII 1,117 
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1 979 level and less than 1 0  percent of industrial 
oil demand. 

gas liquids extraction plant fuel. Both of 
these uses are unlikely to be substituted 
by other fuels with normal market condi­
tions. Other Industrial Fuels Have 

Niche Markets 

Table 4-5 summarizes the regional oil use 
by the special/bulk distribution shown in Table 
4-4 along with the consumption of other fuels in 
both physical and trillion BTU units. While the 
reported end-use differentiation is not as great 
as for oil, certain markets exist for fuels other 
than oil that have value beyond the inherent 
BTU content of the fuel: 
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Gas for Lease and Plant Fuel: A signifi­
cant quantity of gas reported in the indus­
trial sector ( 1 3  percent) is consumed as 
fuel on production leases and for natural 

Gas for Feedstoclc Use: Natural gas is the 
primary feedstock for the production of 
ammonia, methanol, and acetylene, and is 
also used in the production of hydrogen in 
refining and petrochemical plants. Data 
on consumption for these uses are not 
publicly available ; however, estimates 
generally fall in the 0.5-0.8 TCF per year 
range. Major inroads into these markets 
by competing fuels are unlikely over the 
next 20 years. 

Coal for Coke Plants: Coal is heated to 
form coke, which is used in the steel mak­
ing process. The coke acts as a reducing 



TABLE 4-5 

REGIONAL PHYSICAL VOLUME DISTRIBUTION 
N- Mid South s.w.t Norlh Soul1 North· Cont 

England NYINJ Atlantic Allanlc Mldw.t Central Central Central Pacific W•t u.s. SourcafCommanta 

011 (Thousand BarralsiDay) 74 1 34  214 464 534 2,058 181 1 22 361 81 4,232 See 011 Table for Referances. 
Unique 38 1 02  1 68  385 464 1 ,981 1 68 1 09  307 78 3,832 
Bulk 35 32 45 68 50 78 1 2  1 3  64 12 400 

BTU/ 
Cubic Foot 

Natural Gas 8 1  1 93 466 866 1 ,225 3,793 328 218 614 151 7,934 1 ,030 1 990 EIA Natural Gas Annual. 
(BIBion Cubic Feet) 

Gas-Industrial 8 1  1 92 449 844 1 ,2 1 2  2,956 287 1 30  591 151 6,893 1 ,030 
Gas-Lease & Pit Fuel 0 1 1 6  22 1 3  837 41 88 23 0 1 ,041 1 ,030 

MMBTU/ 
Ton 

Coel (MIUion Tons) 0.3 3.4 28.9 21 .3 37.4 6.5 2.9 1 0.6 3.8 0.8 1 1 6 0.000 
� Plants  0.0 1 .1 1 5.9 4.5 16.9 0 0 1 .4 0 0 40 26.800 1 990 EIA Coel DlstrlbUIIon. 
Coal-Other 0.3 2.3 1 3  1 6.8 20.5 6.5 2.9 9.2 3.8 0.8 76 22.444 1990 EIA Coel Dlstrlbullon. 

MMBTU/ 
Thousand 

kwh 
Eleclrlclty 27.2 47 98.4 207.2 222.6 136.3 37 30 72.2 63.4 941 3.41 2 1 990 EIA Eledrlc Power Annual. 
(BDIIon kiloWatt hours) 
(Purchased) 
ReMwable/Oiher 1 41 84 90 900 1 64 231 3 62 181 1 64  2,01 0 Total frcm EIA 1 991 Ene�OUtlook. 
(TriDion BTU) Spills based on American r ln&tftute Data. 

N.Cent, S.Cent,and Mtn/Pac Split 50150. 
to sub regions. 

Regional Dletrlbulon (Trillion BTU) 

BulkOI 75 70 96 1 38 99 1 59 21 25 1 00  24 808 See OD Tables for subsllluteble splft detail. 
Gas-Industrial 83 1 98 462 868 1 ,248 3,045 90S 1 34  609 1 56 7,100 Total gas sales to lnduslrlal. 
Coal-Other 7 52 292 3n 460 1 46 1 50 206 85 1 8  1 ,708 AD coal ex coking. 

Total Bulk 1M 320 850 1 ,385 1 ,807 3,350 1 ,076 365 714 118 8,61 6 
Unique Oil 83 220 368 845 1 ,031 3,469 338 235 665 1 74 7,429 See on Tables for subsllluteble split detail. 
PwCh Electricity 93 1 60  336 707 760 466 373 1 02  246 216 3,212 Some In bulk market , not In dally competllon with fuel. 
Coal-Coke Plants 0 29 426 1 2 1  453 0 0 36 0 0 1 ,067 Coking coal used directly In process. 
Renewable 1 41 84 90 900 1 64 231 1 84 62 1 8 1  1 64  2,010 Most In bulk rnarlatt, not In = comc-:tllon with olher fuel. 
Gas-Lease & Pit Fuel 0 1 1 6  23 1 3  862 66 91 24 0 1 ,072 In bulk rnarlatt, not In compe on wa other fuel. 

Total Special 317 484 1 ,237 2,586 2,41 1 5,027 H1 528 1 ,1 1 8  554 14,710 
Totai TBTU 482 814 2,087 3,181 4,21 8 8,3n 2,037 883 1 ,81 0 752 24,406 

Note: EIA - Energy Information Agency, U.S. Department of Energy 



agent and also provides energy to the 
process. Natural gas may make inroads 
into this market primarily driven by envi­
ronmental considerations but currently 
coal has an inherent advantage. 

Electricity: Electricity is primarily used 
for motors, although there is some use for 
metal melting, heat treating, drying, and 
other applications. In new non-motor ap­
plications, interfuel competition is intense. 
However, on a day-to-day basis, existing 
electricity use does not face significant 
competition from other fuels. 

Renewable/Other: Renewable/other en­
ergy consumption is predominantly waste 
fuel in the paper industry as well as non­
commercial fuels used to generate elec­
tricity (e.g. , municipal solid waste, hydro­
electric power, etc.) . 

These fuels are consumed in unique circum­
stances and are not in competition with other 
fuels on a day-to-day basis. 

Figure 4-6 illustrates the relationship of the 
fuels tabulated in Table 4-5 for the total U.S. As 
the chart shows, most of the fuel reported in the 
industrial sector is for applications in the "spe­
cialty" categories with less than 40 percent of 
the total in the bulk oil, natural gas, and steam 
coal categories. 

Lease & Plant 
4.4% 

Renewable 
8.2% 

Met Coal 
4.4% 

Electricity 
1 3.2% 

30.4% 
Specialty Oil 

Natural Gas Dominates Fuel 
Switching Market 

Oil for bulk use, natural gas (except feed­
stock and lease and plant uses) , and coal used 
in boilers are in day-to-day competition in ex­
isting fuel switchable facilities to supply energy 
services to end users. Prices for these com­
peting energy forms cannot get significantly 
out of line with each other without causing fuel 
switching. On a continental U.S. basis, gas ac­
counts for 7 4 percent , coal for 1 8  percent, and 
oil for 8 percent of the competitive bulk fuel 
market . Natural gas currently dominates the 
switchable market . Figure 4-7 illustrates the 
current relationship between these three com­
peting fuels on a regional basis as reported in 
the EIA data sources. As the chart shows, gas 
is the major bulk fuel in the market in all re­
gions except New England. However the addi­
tion of new pipeline capacity could significantly 
alter the fuel mix in the future in the New Eng­
land region. The Southwest Central region, 
with its high concentration of energy intensive 
industries, accounts for over 40 percent of all 
industrial gas use. 

The 1 988 MECS survey published data on 
fuel switching capability by Census Region. 
The data for the total United States are summa­
rized in Table 4-6. 

Bulk Oil 
3.3% 

Gas 
29.1 %  

7.0% 
Steam Coal 

Figure 4-6. U.S. 1990 Industrial Fuel Use (24 Quadrillion BTU). 
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Figure 4-7. 1 990 Industrial Bulk Fuel Use 
by Region. 

The survey indicated that the capability to 
switch the fuel increment consumed above 
minimum to natural gas ranged from about 65 
percent for coal and coke to 93 percent for 
LPG. While the time to switch varies, in all 
cases more than half of the load could be 
switched to gas in less than a day. If this load 
could all be captured, gas demand could be 

increased on the order of 1 trillion cubic feet 
(TCF) per year with most of the increase used 
to displace coal and coke. 

The major threat to gas consumption is 
substitution by oil with about 90 percent of the 
capability to switch from natural gas in the LPG, 
distillate, and residual fuel oil categories. Since 
1 988, industrial oil and coal use have declined 

TABLE 4-6 

MANUFACTURING FUEL-SWITCHING CAPABILITY 1 988 

Type of Energy 

Electricity Receipts (Mil l ion kWH) 
Natural Gas (Bill ion cubic feet) 
Disti llate Fuel Oil (Thousand barrels) 
Residual Fuel Oil (Thousand barrels) 
Coal and Coke (Thousand short tons) 
LPG (Mill ion Gallons) 

SOURCE: DOE/EIA-051 5(88). 

Actual Minimum 
Consumption Consumption 

728, 1 68 

5, 1 41 

36,766 

90,41 3 

89,968 

1 ,226 

71 6,905 

3, 1 33 

27,71 2 

43,647 

64, 1 79 

646 

Maximum 
Consumption 

771 ,426 

5,840 

244,855 

265 ,080 

96,225 

1 0,441 
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while gas has increased, suggesting continued 
penetration of gas into energy markets. How­
ever, when industrial gas prices rise above oil 
prices, there is evidence that switching does 
occur fairly rapidly. The NPC model projec­
tions that were presented in Table 4- 1 and dis­
cussed in detail in Chapter Eight result in a 
similar environment in the future with no fuel 
switching away from gas and gas capturing 
most of the industrial growth market. 

FACTORS THAT DRIVE 
INDUSTRIAL GAS DEMAND­
OPPORTUNITIES 

Cogeneration Markets are 
Expected to Grow 

Many industrial processes use steam and 
also require power. In an electric utility, steam 
is typically used to power a turbine to produce 
electricity and is condensed following the tur­
bines with cooling water. The combination of 
the two needs, power production and steam re­
quirements, are synergistic. Where the two 
needs exist together, a system can be de­
signed that produces power and steam at sig­
nificantly lower total energy input than the sum 
of the inputs needed to produce the same 
power and steam in separate facilities. The 
production of power at locations where the 
steam is needed as well is called cogeneration. 

Cogeneration systems are basically of 
three types; boiler steam turbine, combustion 
turbine with waste heat recovery steam gener­
ator, and combined-cycle. Each type of sys­
tem has its own unique operating characteris­
tics and produces a different ratio of power to 
steam. Until recently; the most common indus­
trial cogeneration system was the boiler steam 
turbine type. This arrangement yields a rela­
tively low power-to-steam ratio and a relatively 
large steam demand is needed to generate sig­
nificant amounts of power. These systems are 
very common in energy intensive industries. 

Combustion turbines produce a higher 
power-to-steam ratio than boiler systems. A 
combined-cycle facility adds power generation 
after the waste heat steam generator of the 
combustion turbine to further increase power 
generation. These types of systems have not 
been as prevalent in industry but have been 
used in special situations in major energy in-
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tensive industries such as petroleum refining. 
Over the last several years, significant improve­
ments in turbine technology and reliability 
have resulted in making combustion turbines a 
viable option in a wider range of applications. 

Non-utility electricity generation has 
grown rapidly over the past several years turn­
ing around the declining trend of the 1 970s. 
Much of this growth is a result of growth in co­
generation systems. The significant efficiency 
advantage of cogeneration over conventional 
power production facilities should allow cogen­
eration to remain an attractive growth market 
for natural gas as new ind.ustrial facilities are 
constructed or existing installations are re­
placed. 

Gas Demand Could be Increased 
by Extending Gas Service to Non­
Gas Users 

An increased market could be achieved 
for gas by extending gas service to facilities 
that currently do not have natural gas available. 
The 1 988 MECS data from the fuel switching 
survey indicate a minimum oil consumption 
level of about 200 MB/D ( 400 billion cubic feet 
gas equivalent) . While data do not exist on the 
location and size of these installations, some 
are probably very small consumers and distant 
from gas delivery facilities. The survey indi­
cated that about half of the residual oil potential 
substitution lies in the Northeast, which has his­
torically been short of natural gas delivery ca­
pability. As delivery systems are expanded, in­
dustrial customers are likely to switch to gas if 
the service can be provided economically. Key 
factors to gain this market will be the cost of the 
natural gas hook-up and the cost of the deliv­
ered natural gas. While small in the context of 
the total market, extension of gas service pro­
vides an opportunity for market growth. 

Gas Demand Could be Increased by 
Reducing the Time Gas is Not Avail­
able to Interruptible Customers 

Firm service is more costly than inter­
ruptible service and during peak periods, in­
terruptible customers are interrupted if avail­
able capacity is required for firm customers. 
Since many industrial processes are critical 
and require constant operation, interruptible 
customers have responded to the threat of in-



terruption by installing alternative fuel capabil­
ity. With alternative fuel capability installed, in­
terruptible customers utilize the most eco­
nomic fuel .  While warm winters have 
generally kept interruptions at a low level over 
the past several years , industrial customers 
protect themselves against interruption by 
having alternative fuel on-site entering into the 
winter. Many gas utilities and public service 
commissions require that a viable alternative 
fuel capability be demonstrated before inter­
ruptible service is provided. Even if no inter­
ruptions occur, it is probable that some of this 
fuel is consumed for economic or operational 
reasons. The MECS survey data indicate that 
the equivalent of about 300 billion cubic feet of 
gas was consumed in 1 988 displacing oil. 
With the continued move towards deregulation 
of the natural gas system, there may be oppor­
tunities to reduce the duration of potential in­
terruptions to multiple fuel users. As long as 
the improved service can be provided at a 
competitive price, firm service options would 
increase gas use. 

New Technology Developments are 
Likely to Open New Gas Markets 

Gas competes very well in the industrial 
sector and is the dominant fuel for steam and 
process heat applications. Nevertheless, there 
are opportunities to increase the market for 
natural gas through the development and com­
mercialization of new and improved technolo­
gies particularly as new industries and pro­
cesses emerge. Areas of opportunity include 
displacing fuels such as coal or coke in re­
sponse to environmental pressures, use of gas 
for waste processing/waste minimization, and 
development of new gas technologies to com­
pete in process heating and drying markets 
which are now dominated by electricity and 
other fuels. Capturing these opportunities will 
require continued research and development 
on improved gas-based technologies targeted 
at increasing productivity; product quality; pro­
cess yields, and efficiency while meeting in­
creasingly stringent emissions regulations. It is 
expected the major competitor to natural gas in 
the new technology application area will be 
electricity. Estimates of the size of these poten­
tial new markets vary, but each is important 
and it is critical that natural gas technology de­
velopment continue if gas is to remain competi-

tive. Additional discussion of technology issues 
is presented in Chapter Seven. 

FACTORS THAT DRIVE INDUS­
TRIAL GAS DEMAND-ISSUES 

Gas Substitution for Coal or Non­
conventional Fuels in Existing Fa­
cilities Not Likely to Be Significant 

Providing process heat or steam using 
non-oil and -gas fuels, such as coal or biomass, 
requires significantly more complex and costly 
combustion equipment. These fuels tend to be 
lower cost on a BTU basis than oil and gas with 
the decision to build a facility based on a trade­
off between fuel and operating costs and in­
vestment. The MECS survey indicated a mar­
ket in the range of 650 billion cubic feet for gas 
against coal and coke if gas consumption could 
be maximized. Over the past several years, 
gas prices, in particular, have generally been 
below the levels anticipated when many of 
these facilities were constructed. There have 
been several reports of electric utilities using 
natural gas to substitute for coal during periods 
of low gas prices. This spot switching probably 
happens in the industrial sector as well, al­
though delivered coal and coke prices are 
generally lower than gas. In addition, if gas 
prices remain stable or do not increase signifi­
cantly, some industrial users may find it attrac­
tive to substitute gas for coal or other non oil 
fuel to reduce the relatively high operating and 
maintenance costs associated with the com­
bustion of these fuels and to secure potentially 
valuable environmental credits as a result of the 
lower emissions resulting from natural gas 
combustion. Industrial coal demand data sug­
gest that while gas substitution is possible, it 
has not occurred to any great extent as yet . 
Given mainstream oil, gas, and coal price pro­
jections, gas substitution for coal or nonconven­
tional fuels in existing facilities is not likely to 
be significant. 

Cogeneration Growth Limited By 
Available Sites and Will Not Always 
Increase Total Natural Gas Demand 

Cogeneration is not a new concept and 
has been in use since the industrial revolution. 
However, changes in the regulatory environ­
ment making it easier and more attractive to sell 
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electricity to the utility grid coupled with the 
improvements in gas turbine technology have 
significantly improved the economics of cogen­
eration projects. Within the industrial sector, 
the power from cogeneration facilities is not al­
ways produced in the form of electricity but is 
often used directly to provide power for com­
pressors, pumps, and other facilities. Data are 
available on electricity production from non­
utility generators, however, data on the amount 
of cogeneration used to produce power directly 
for use in industrial applications are lacking. 

The potential market for cogeneration 
technologies is dependent on the availability of 
sites with a steam outlet. The higher power-to­
steam ratios of modern cogeneration systems 
should allow economic cogeneration projects 
at sites that were previously unattractive. Since 
cogeneration is a more efficient method of pro­
ducing needed steam and power services than 
producing them individually, new projects do 
not necessarily increase natural gas demand. 
In replacement situations, a new cogeneration 
system is often much more efficient than the 
boilers being replaced such that the addition of 
the power portion of the cycle may not result in 
any net fuel increase to the facility. In new in­
stallations, the natural gas demand for a cogen­
eration system is higher than for a boiler-only 
facility but obviates the need for new electric 
utility generation that might be gas based. Al­
though overall load may not always increase 
from cogeneration, the market is very impor­
tant since natural gas has a competitive advan­
tage in both existing and new markets and of­
fers customers an option for lowering their total 
energy costs. 

Major Threat to Industrial Gas Mar­
kets is Substitution By Other Fuels 
in Multiple Fuel Capable Facilities 

Natural gas has been and is expected to 
continue to be the fossil fuel of choice in the in­
dustrial sector. However, the market is not 
guaranteed. Natural gas will have to remain 
competitively priced and reliable to maintain 
the industrial market. While the recent well­
head prices of natural gas have been at near 
historic lows, the delivered price of gas to in­
dustrial customers varies considerably. 

The July 1 992 Natural Gas Monthly reports 
that April 1 992 industrial natural gas prices in 
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the continental U.S. ranged from a high of about 
$5 . 25/million BTU in New York to a low of 
$ 1 .45/million BTU in Louisiana. Ten states re­
ported average prices in excess of $4.00/mil­
lion BTU with only Texas ,  Oklahoma ,  and 
Louisiana having prices below $2 .00 .  These 
data cover sales by regulated pipelines and 
distributors which amounted to about 30 per­
cent of the industrial natural gas consumption. 
This class of gas industrial customers is most 
likely to consist of smaller users of natural gas. 
Generally the economics of gas transportation 
are not clearly favorable to smaller users of nat­
ural gas. 

Price data are not collected for the re­
maining 70 percent of industrial demand. Al­
though the gas is transported through 
pipeline/distribution systems, prices are un­
known to the transporters (who report sales 
prices) since ownership of the gas is never 
taken. While data do not exist, the significant 
shift to industrial customer purchasing and 
transporting separately over the past several 
years gives a strong indication that the actual 
cost of delivered gas for industrial transporta­
tion customers is significantly below that re­
ported for sales customers. 

With the current wide range in industrial 
natural gas delivered prices, some markets will 
be at risk if wellhead gas prices rise or alterna­
tive fuel costs fall. Loads serviced by local dis­
tribution companies could be particularly at 
risk if their fuel switchable loads have rate 
structures that do not allow prices to remain 
competitive with alternate fuels. The 1 988 
MECS data show that over 2 TCF of industrial 
gas demand could be switched to other fuels if 
gas became uneconomic , most of  it very 
quickly. The existence of this large switchable 
market sets a competitive restraint on potential 
gas price increases. 

Offset Provisions of the Clean .Air 
Act and Stringent Environmental 
Permitting Requirements Favor 
Electricity 

Environmental requirements for new and 
modified facilities have become and will likely 
continue to be more stringent . Most recently. 
the Clean Air Act Amendments of 1 990 provide 
a mechanism whereby environmental offsets 
must be obtained in certain non-compliance 



areas before new facilities can be built or exist­
ing facilities renovated. Even though gas is 
clearly the cleanest of all fossil fuels, industrial 
customers may find it more attractive to use 
electricity which has no emissions at the site 
than to obtain the offsets necessary to increase 
natural gas consumption. Gas demand will be 
particularly at risk in ozone nonattainment 
areas where there is a greater than one for one 
NOx offset required. As environmental require­
ments continue to tighten, increased pressure 
will be placed on industrial gas customers to 
reduce all on-site fuel consumption including 
natural gas. 

Changing Nature of Natural Gas 
Business Could Make Gas Pur­
chasing Very Complex 

The move towards deregulation of the gas 
transmission system and the unbundling of ser­
vices has made gas purchasing more complex 
and uncertain, particularly until the transition is 
completed. The increased complexity of pur­
chasing gas is a cost incurred by the users. 
Small industrial consumers may find the system 
unwieldy and could choose to purchase and 
burn other fuels if the gas purchasing and un­
certainty issues are not dealt with in a timely 
manner. This issue is dealt with in detail in Vol­
ume rv; Transmission and Storage. Volume IV 
includes specific recommendations for reduc­
ing complexity and standardizing the process 
for purchasing and transporting natural gas. 

FACTORS FAVORING INCREASED 
PENETRATION 

Environmental Concerns Gener­
ally Favor Natural Gas Over Other 
Fossil Fuels 

Title I of the 1 990 Clean Air Act Amend­
ments requires that all new or modified major 
NOx sources in ozone nonattainment areas un­
dergo new source review, install " lowest 
achievable emission rate" controls, and pur­
chase or find NOx offsets for the NOx emitted. 
These standards will apply on all new installa­
tions emitting greater than 25 tons of NOx per 
year. This means gas boilers using greater 
than 400 ,000 MCF per year and higher tem­
perature gas processes using as little as 40,000 
MCF per year could be affected. It should be 

noted that "lowest achievable emission rate" 
controls are those technologies that are techni­
cally feasible with no consideration given to 
cost. This will make installation or modification 
of large gas-using equipment much more ex­
pensive from both a capital and operating 
standpoint, and could discourage development 
in affected areas. 

However, environmental policy could pro­
vide incentives for conversions, since industrial 
facilities can opt into affected unit status and re­
ceive allowances that could be sold if S02 
emissions are cut. Obviously; the impact of this 
factor will depend on the allowance price. For 
example, an industrial boiler fired by residual 
fuel oil with one percent sulfur will emit roughly 
one pound of S02 per million BTU, and the gain 
from switching to gas will be $0.05 per million 
BTU for every increase of $ 1 00 per ton in the 
allowance price. If the allowance price were 
$400 per ton, gas could sell for $0.20 per mil­
lion BTU more than fuel oil , everything else 
equal, and still be competitive. The advantage 
relative to fuel oil with two percent sulfur would 
be twice as large, but the fuel oil price would 
be lower, so the break-even gas price would 
be lower as well. Also in some instances, in­
dustrial facilities may be able to capture valu­
able allowances available for trading by switch­
ing to natural gas from other fuels. The value of 
the incentive will vary significantly by industry 
and region. 

Advent of Transportation Market 
has Allowed Gas to Compete in the 
Industrial Sector with Less Regula­
tory Intervention 

The deregulation of wellhead gas prices 
and the advent of a natural gas transportation 
market has resulted in an industrial market 
where end-user sales of natural gas have be­
come a smaller and smaller share of the indus­
trial gas demand. Today; less than 30 percent 
of the industrial market is served by pipeline 
and distributor sales of gas versus virtually 100 
percent only a few years ago. This market 
change has effectively moved most industrial 
gas consumption out of a regulated price envi­
ronment at the wellhead into a competitive 
world. This market change should allow gas to 
compete more efficiently on a day-to-day basis 
in its largest market . While competition does 
not always result in increased market share, the 
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move of the industrial sector from a regulated 
to a price-competitive market has to be viewed 
as a favorable trend for future gas demand. 

CONCLUSIONS AND 
RECOMMENDATIONS 

The potential size and growth opportuni­
ties for natural gas in the industrial market will 
largely be determined by factors such as in­
dustrial output mix and growth, which are out­
side of gas industry control. As shown in the 
NPC Reference Cases, the industrial market 
could grow considerably or shrink depending 
on future trends in these parameters. Never­
theless, regardless of the size of the future po­
tential market there are a number of important 
considerations that should be recognized and 
opportunities that must be taken advantage of if 
gas is to maintain and potentially increase its 
share in the industrial market. 

The Industrial Market Must Not Be 
Taken for Granted 

Natural gas has always enjoyed a high 
market share in the industrial sector and is the 
fossil fuel of choice. However, the energy mar­
ket is becoming more complex and increas­
ingly competitive. In order for gas to maintain 
and potentially increase its market share in the 
industrial sector, gas must provide a better 
value to the customer than other fuel choices. 
This value includes not only the delivered fuel 
cost , but other factors as well. Distributors, 
pipelines, producers, and regulators all have a 
role to play in keeping gas competitive. This 
activity requires not only efforts to keep the 
price of natural gas competitive with other fuels 
but includes activities to enhance the value of 
gas to the customer such as technology devel­
opment and deployment. 

Reliability Provides a Value to the 
Customer 

Focus group results conducted as part of 
this study (see Volume V for Focus Group de­
tails) showed that natural gas is perceived as 
less reliable than other fuels. While this may or 
may not be reality, reliability provides value to 
the customer. The industrial sector has alter­
natives to natural gas use and the gas industry 
needs to develop innovative ways to improve 
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reliability without damaging natural gas's com­
petitive position. The concept that "the gas in­
dustry is willing to provide the level of service 
the customer is willing to pay for" does nothing 
to enhance the value of gas to the consumer 
nor increase demand. 

Capitalize on the Environmental 
Advantages of Natural Gas 

Natural gas is the cleanest burning of all 
fossil fuels and there may be innovative ways to 
grow the industrial market for gas by capitaliz­
ing on its environmental advantage. The gas 
industry generally views this advantage as 
yielding a price premium for gas which does 
little if anything to improve the natural gas mar­
ket share. With the emerging, more complex 
world of environmental offsets and emissions 
trading, the gas industry may be able to en­
hance the value of gas to its customers by help­
ing them understand and take advantage of 
various credits that may be realized by increas­
ing gas use . 

Focus Efforts on Technology Devel­
opment and Commercialization 

New technology continues to penetrate 
the industrial sector rapidly not only in energy 
using equipment but also in improved pro­
cesses to produce goods of higher quality 
more efficiently: The gas industry needs to fo­
cus its attention on how gas can help its cus­
tomers be more competitive in their markets. 
This may require increased expenditures by 
the industry for technology development and 
commercialization. Further discussion of tech­
nology and funding appears in Chapter Seven. 

THE REGIONS 

Natural gas markets for the industrial sec­
tor vary widely by geographic area. Sum­
maries of key factors in these markets ,  dis­
cussed in detail in the Regional Reports 
performed as part of the Demand and Distribu­
tion Task Group activities, are discussed below. 

Region One: Connecticut, Maine, 
Massachusetts, New Hampshire, 
Rhode Island, and Vermont 

Region One has historically been and will 
continue to be a non-energy intensive region. 



This means that the region does not consume 
as much energy per capita as the U.S. average. 
However, the residential and commercial sec­
tors' energy consumption, due to large heating 
requirements, are much higher than other re­
gions. Energy consumption in the region's 
heavy industry has declined over the past 20 
years, and has remained fairly steady over the 
past decade. With 5.2 percent of the nation's 
population, New England consumed 6.4 per­
cent of the nation's residential requirements in 
1 990, but only 1 .  6 percent of the nation's indus­
trial energy requirements. 

According to the Energy Information Ad­
ministration's State Energy Data Report Con­
sumption Estimates 1 960-1 990, overall gas con­
sumption in the industrial sector of Region One 
has been growing at an average rate of approx­
imately 3 .  6 percent per year over the past 
decade, even though average annual growth in 
total r.egional industrial sector energy con­
sumptiOn was only 0. 1 percent from 1 980- 1 990. 
Coal consumption increased at a rate of 4 .6  
percent, while oil consumption declined at a 
rate of 1 .9 percent during the last ten years. Oil 
was still the dominant fuel in New England's 
1 990 industrial sector, however, with 43.3 per­
cent of the fuel mix . Electricity followed with 
24.7 percent , natural gas accounted for 22 .4  
percent , hydroelectricity for 3.5 percent, and 
coal for only 2 . 1 percent of industrial fuel con­
sumption in Region One in 1 990. 

In comparison, 1 990 U.S. industrial sector 
energy consumption was almost equally repre­
sented by natural gas and oil, with 3 7 . 1  percent 
and 36.4 percent of the fuel mix , respectively. 
Electrically accounted for 1 4 . 1  percent of in­
dustrial consumption, coal for 1 2 . 1  percent , 
and hydroelectricity for only 0. 1 percent. 

Therefore, although industrial energy con­
sumption in Region One is not anticipated to 
grow significantly in total, there is still potential 
for the share of natural gas consumed to in­
crease further and to displace oil. In order for 
natural gas to achieve a similar market share in �egion One !o the entire United States ( assum­
mg level regiOnal consumption patterns) , natu­
ral ga

.
s consumption by the New England in­

dustnal sector would have to increase by 
approximately 55-60 trillion BTU, or 1 5  percent 
over 1 990 levels, over the next decade. 

Region Two: New York and 
New Jersey 

Although New York and New Jersey ac­
count for approximately 1 0 .3 percent of the na­
tion's population, they only consumed 7 .2  per­
cent of the nation's energy in 1 990. Industrial 
energy consumption, in particular, was propor­
tionately low, accounting for only 3.8 percent of 
total U.S. industrial sector energy consumption 
in 1 990. While Region 'I\vo historically was not 
highly industrialized, it did consume over 6 
percent of the nation's industrial energy in 
1 970. Heavy industry has, therefore, declined 
significantly over the last 20 years. 

According to the Energy Information Ad­
ministration's State Energy Data Report Con­
sumption Estimates, 1 960-1 990, natural gas con­
sumption in the industrial sector of Region 'I\vo 
has been growing at an average rate of approx­
imately 0 . 9  percent per year over the past 
decade, although total regional industrial sec­
tor consumption declined at an average rate of 
2 .9  percent . During the same period, coal con­
sumption declined at a rate of 4.8 percent per 
year, and oil consumption declined 4.6 percent 
per year. Oil was still the dominant fuel in the 
industrial sector of Region 'I\vo, however, with 
48.4 percent of the fuel mix in 1 990. Natural 
gas followed with a 22 .7  percent share elec­
tricity with 1 8 . 4  percent , and coal with 1 0 .3 
percent of industrial fuel consumption in 1 990. 

By comparison, 1 990 U.S. industrial sector 
energy consumption was almost equally repre­
sented by natural gas and oil, with 37 . 1  percent 
and 36.4 percent of the fuel mix , respectively. 
Electricity accounted for 1 4 . 1  percent of indus­
trial consumption, coal for 1 2 . 1  percent and hy­
droelectricity for only 0. 1 percent. 

Region Three: Delaware, Pennsyl­
vania, Maryland, Virginia, West 
Virginia, and District of Columbia 

The forecast for industrial production for 
the states  loc ated in Region Three  show 
steady but not robust manufacturing output 
growth over the 1 992-96 period of slightly less 
th� 3 perc�nt per year. This growth coupled 
w1th occas10nal fuel switching from oil and 
coal to natural gas will probably be sufficient 
to offset decreases from the closure of aging, 
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uncompetitive plants which tend to be the 
heavier gas users. 

Market share of natural gas for industrial 
process applications in the region is expected 
to increase with respect to oil and coal, and de­
crease with respect to electricity: 

Overall, market share for natural gas in in­
dustrial process applications is expected to 
gradually decrease over the five-year planning 
horizon as the effects of the 1 990 Clean Air Act 
Amendments under Title I come into play. 

There are some marketing opportunities 
for natural gas associated with the Clean Air 
Act. Industrial customers may switch to natural 
gas from coal and oil as a means of generating 
NOx offsets in ozone nonattainment areas for 
internal use as well as to sell to other industrial 
customers. In addition, large industrial cus­
tomers may convert their coal boilers to natu­
ral gas as a me ans of  generating S02 al­
lowances that can be sold to electric utilities ·on 
the open market. Other opportunities include 
gas-fired incineration of air toxics and volatile 
organic compounds, natural gas air condition­
ing, and conversion of fork lifts and industrial 
truck fleets to natural gas. Conversely; fmal 
federal and state regulations relating to the 
Clean Air Act may make the installation of 
large gas-using equipment more expensive 
from both a capital and operating standpoint 
and potentially discourage some development 
of industrial gas usage. 

More stringent regulations on oil storage 
tanks will provide opportunities for natural gas. 

Region Four: .Alabama, Florida, 
Georgia, Kentucky, Mississippi, 
North Carolina, South Carolina, 
and Tennessee 

Region Four, though accounting for 1 5  
percent of the nation's industrial economic out­
put, accounts for only 1 0.5 percent of the indus­
trial gas use. This is a result of the particular 
mix of industries in the region. 

From 1 979 to 1 989 , the region's industrial 
gas use declined 0 .5 percent per year while 
industrial output rose 3 . 5  percent per year. 
The reasons are ( 1 )  conservation and (2) slow 
or no growth in the more gas intensive indus­
trial sectors. 
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Much of the easy conservation in the re­
gion has been accomplished. Thus gas con­
sumption is anticipated to grow at least half as 
fast as industrial output, even though much of 
the industrial growth will be in less gas inten­
sive industries. 

The biggest growth opportunity in the in­
dustrial sector in Region Four is expected to be 
cogeneration. 

Region Five: minois, . Indiana, 
Michigan, Minnesota, Ohio, and 
Wisconsin 

Energy consumption by Region Five's in­
dustrial sector has steadily declined since 
1 980. Reduced demand for products of the re­
gion's steel and automotive industries has led 
to reduced energy needs. 

Electricity and oil are expected to be the 
fastest growing industrial energy sources. In­
creased use of robotics and electrification of 
the region's durable goods manufacturing 
plants have led to increases in electric de­
mand. Natural gas is expected to maintain its 
niche in clean burning applications, especially 
in chemicals industry; where the "dirty" burn of 
oil and coal prohibit their use. Gas has envi­
ronmentally attractive qualities which include 
the absence of residue when it is burned. 

Coal demand in Region Five is the largest 
in the country. The main reason for coal's dom­
inance is the nearby and relatively inexpensive 
supply of the fuel. Much of the coal is used for 
coking in the production of steel and in indus­
trial boilers. 

Industrial cogeneration in the region is 1 2  
percent of the national total. Hard times for the 
region's durable goods manufacturers have put 
large capital investment projects like cogenera­
tion on hold. Currently coal and "other" are 
the largest cogenerating fuels in Region Five. 
However, by 1 995, gas is expected to replace 
"other" as the second largest fuel used. 

Region Six: Arkansas, Louisiana, 
Oklahoma, Texas, and New Mexico 

In Region Six, Texas and Oklahoma domi­
nate the gas market, accounting for 85 percent 
of gas consumption in the region. 



In 1 99 1 ,  gas delivered to consumers in the 
region totaled 5.4 TCF. (This does not include 
lease, plant, and pipeline fuel.) Of this amount, 
3 TCF was for industrial uses, mostly refrileries 
and petrochemical plants. Texas and Louisiana 
industrials consume 1 .8 and 0.9 TCF, respec­
tively. 

Cogeneration has been a major source of 
growth in the region's industrial gas demand 
and is expected to remain significant in the fu­
ture . However, the growth of refining and 
petrochemical industries in the region may be 
limited by foreign competition and stringent air 
quality regulations. Also, domestic ammonia 
production, which uses natural gas as a feed­
stock, is expected to continue its decline. 

Industrial gas consumption in the region is 
expected to increase to 3.5 TCF by 1 995 and 
then decrease to 3.3 TCF by 2000. 

Region Seven: Iowa, Kansas, 
Missouri, and Nebraska 

Natural gas is used in the industrial sector 
both as a feedstock and as a fuel for direct 
heat, steam, and power generation. Petroleum 
fuels dominate the market for industrial fuel 
and power in Region Seven, followed closely by 
natural gas. Given the availability of transporta­
tion facilities, if gas prices continue to be rela­
tively attractive, gas consumption could poten­
tially increase displacing oil in dual-fueled 
boilers. Environmental policy may provide in­
centives for conversion, since industrial facili­
ties can opt into affected unit status and receive 
allowances that could be sold if S02 emissions 
are cut. 

The region uses approximately 1 00 trillion 
BTU of coal in industrial applications, and the 
bulk of the coal consumption occurs in the 
states of Iowa and Missouri. The two factors 
that tend to limit gas penetration in coal mar­
kets are the existence of long-term coal con­
tracts with relatively stable price terms from 
nearby coal-producing areas and the concern 
over reliability of gas supply. 

-

For the region, despite high industrial gas 
demand growth rates, total gas consumption 
for industrial cogeneration is not likely to be 
substantial, given the current low level of de­
mand. Estimates indicate that the region's gas 
demand for industrial cogeneration on a net 

basis, is expected to be around 7 billion cubic 
feet by the year 2000. The region's total gas 
consumption for industrial applications is ex­
pected to increase at an annual rate of 3 per­
cent over the next decade. 

R egion Eight : Colorado, Utah, 
Wyoming, Montana , North Dakota, 
and South Dakota 

Region Eight's gas consumption is domi­
nated by the residential and commercial sec­
tors. The industrial sector accounted for only 
approximately 29 percent of all gas consumed 
in the region and only 9 . 2  percent of the total 
employment in the region. The region's indus­
trial sector is characterized as one of low en­
ergy consumption with a heavy emphasis on 
service-oriented applications. 

Although the overall energy consumption 
in the industrial sector in Region Eight is rather 
small, natural gas has been and will likely to 
continue to be the fuel of choice in this sector. 
Currently. the majority of industrial customers 
are utilizing natural gas, and as a result, oppor­
tunities for additional penetration by natural gas 
are minimal. The real focus must be on pre­
serving the traditional markets for natural gas 
while exploring new opportunities. 

In reviewing marketing opportunities in 
the industrial sector, the use of gas-flred co­
generation appears to be the most significant. 
The obstacle in developing this market is being 
able to deliver a flexible yet economically at­
tractive and reliable natural gas service to 
these new customers. 

Region Nine: California, .Arizona, 
and Nevada 

The industrial sector of Region Nine is a 
diverse and changing market. Currently. the 
industrial sector accounts for 1 7  percent of all 
primary energy used in Region Nine and gas 
captures approximately 44 percent of the re­
gion's industrial energy requirement, nearly 1 0  
percent higher than the national average. Oil, 
electricity. and coal provide the remaining 36 
percent , 1 5  percent , and 5 percent , respec­
tively of Region Nine's industrial energy needs. 
Improved access by industrial end users to 
competitively priced gas supplies, new inter­
state pipeline capacity additions and increased 
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pressure on industrial users to burn clean fuels, 
has positioned gas to be the dominant fuel in 
the industrial sector. 

Over 90 percent of Region Nine's indus­
trial energy demand is within California. Pro­
cess heating applications are the primary end 
use among the state's top energy consuming 
industries of oil production, refining, paper, pri­
mary metals, and chemicals. Mining opera­
tions in Arizona and Nevada account for almost 
half ( 45 percent) of those two state's industrial 
gas demand. 

The largest gas consumption application · 
in California, and Region N'me, is cogeneration. 
There are currently over 4 ,000 megawatts of in­
stalled gas-fired cogeneration capacity in the 
region, with California having over 93 percent 
of the total. 

Unique to Region Nine are the large , 
energy-intensive enhanced oil recovery (EOR) 
operations located in central California. Gas 
provides some 82 percent of the EOR market's 
energy needs. A number of large gas-fired co­
generation installations serve the EOR market 
and they account for approximately 46 percent 
of the EOR market's gas energy use. 

The industrial sector of Region Nine does 
not represent a major growth potential for g� 
demand. California's industrial gas demand IS 
expected to grow by only 1 1  percent from 1 99 1  
to 201 0. There is a well-established pattern of 
migration of heavy. energy-intensive industries 
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out of the region. The trend reflects the high 
cost of doing business, an explicit and implicit 
preference for "clean" industries and a variety 
of regulatory burdens. The transition within 
California is nearly complete, except for the 
petroleum refining industry which is not ex­
pected to grow. Arizona and Nevada have a 
relatively small industrial base with opportuni­
ties for gas demand growth mostly limited to 
cogeneration potential in commercial applica­
tions. 

Region Ten: Idaho, Washington, 
and Oregon 

Region 'len's industrial sector is the most 
electric intensive in the nation. The low price 
of electricity has attracted industries that can 
only produce their products with large amounts 
of electrical power. 

Coal use in the region is the lowest in the 
country. accounting for less than 1 percent of 
the national demand. Industries in this region 
generally use natural gas and residual oil for 
process steam applications. 

The fuel demand is currently split be­
tween oil, electricity; and natural gas. The de­
mand for natural gas is expected to decline 
slightly in the near-term and then grow moder­
ately through 201 0. 

Cogeneration is not prevalent in Region 
'len since the region has the lowest electricity 
prices in the nation. 



THE P 
OF N� 

The potential for increased use of natural 
gas to generate ele<*icity has attracted consid­
erable attention in the natural gas and electric 
industries, and among government officials, in­
cluding regulators. This chapter reviews the 
recent history of gas use in electric generation 
and summarizes the Demand and Distribution 
Task Group's fmdings and conclusions con­
cerning the potential for increased gas use in 
electric generation. 1 It also provides recom­
mendations for dealing with obstacles that 
need to be addressed as natural gas plays a 
larger role in providing the energy needed to 
generate electricity. 

Particular attention has been focused on 
the potential for natural gas in electric genera­
tion because: 

• Demand for electricity has been growing 
and appears likely to continue growing 
more rapidly than the direct use of coal ,  
oil, or natural gas. 2 

1 "Electric generation" as the term is used in this 
chapter includes generation by traditional electric utilities 
and independent power producers. Cogeneration and 
self-generation of electricity are covered in the commer­
cial and industrial chapters of this report. This chapter 
does include some historical data on cogeneration and 
self-generation merely to show the relative importance of 
these activities in satisfying the nation's total demand for 
electricity. 

2 According to OOE-EIA data, during the period 
from 1981 to 

·
1991 ,  U.S. use of electricity grew nearly 29 

percent while the consumption of oil increased by 2 .5 

G THE USE 
ENERATION 

• Electric generation accounts for a large 
and growing share of U.S. energy demand. 
Energy used by traditional electric utilities 
accounted for 36.7 percent of all the en­
ergy consumed in the United States in 
1 99 1 ,  up from 26 .7  fercent in 1 973 and 
32 .3 percent in 1 980. 

• Natural gas for the generation of electric­
ity has important environmental advan­
tages over coal and oil, and nuclear and 
coal-fired generation have faced declining 
interest or acceptability in many regions. 

• Newer gas-fired generating units, particu­
larly combined-cycle units, are more efti­
cient ,4 generally have lower capital costs 
and lower non-fuel operating costs, and 
can be built faster and in smaller eco­
nomic sizes than coal-fired units. 

percent, gas increased by 0.3 percent ,  and coal in­
creased by 10  percent. 

3 Data source: U.S. Energy Information Adminis­
tration, Monthly Energy Review, DOE/EIA-0035(92/03) , 
March 1992, Table 2 . 1 ,  page 23,  Table 2.2 ,  page 25 and 
Table 2.6,  page 36. According to EEl data, traditional 
electric utilities accounted for 92.3 percent of �lectric 
generation in 1990, while non-utility generators, includ­
ing cogenerators, small power producers and indepen­
dent power producers accounted for 7 .7 percent (see 
Table S-3, below) . Comparable data for 1991 are not 
yet available. 

4 More kilowatt hours of electricity output per B1U 
of energy input. 
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In summary: electric generation is an im­
portant potential market for natural gas ; gas 
will face strong competition and must over­
come a number of obstacles in this market; but, 
natural gas will be competitive and the obsta­
cles can be overcome largely through actions 
by organizations in the gas industry. 

This chapter: 

• Summarizes the role of natural gas in elec­
tric generation in recent years 

• Identifies the potential future demand for 
natural gas in electric generation and 
identifies the potential opportunities for in­
creased gas use 

• Identifies developments that have held 
down gas demand, changes that are un­
derway, and obstacles to increased gas 
use that will need to be addressed 

• Recommends actions that can be taken to 
help assure that natural gas plays a larger 
role in electric generation. 

RECENT IDSTORY OF THE ROLE OF 
GAS JlN'D OTHER ENERGY SOURCES 
lN ELECTRIC GENERATION 

The role of natural gas in supplying en­
ergy for electric generation has changed sub­
stantially during the past 20 years. This section 
of the report provides data on the role of gas 
and other energy sources in electric genera­
tion and points out that non-utility electric gen-

eration is playing an increasing role in supply­
ing the nation's demands for electricity. 

Percentage Share of Electric Genera­
tion by Gas·and Other Energy 
Sources: Tl'ac:litional Electric Utilities 

Thble 5-1 shows the changing percentage 
shares of electric utilities' net kilowatt hours 
(kwh) generated by gas and other energy 
sources during 1 972 (the peak year for gas use 
in electric generation) , 1 980, 1 985, 1 990, and 
1 99 1 . When viewing this table, it is useful to 
keep in mind that the total kwh generated by 
electric utilities grew from 1 ,750 billion kwh to 
2,823 billion kwh in the 1 9  years from 1 972 to 
1 99 1 ,  an increase of 6 1  percent, or an average 
of 2 .7 percent per year. 

In summary, Thble 5- 1 shows that: 

• The natural gas share of energy used by 
electric utilities declined sharply from the 
early 1 970s--due largely to market distor­
tions and high gas prices in the late 1 970s 
and early 1 980s caused principally by 
federal and state policies and regulations. 
The Fuel Use Act, now largely repealed, 
prohibited use of natural gas in some ex­
isting facilities and prohibited building 
new gas-fired electric generation facilities. 

• The coal share increased substantially as 
a result of new coal-fired units built during 
the 1 970s and 1 980s. 

TABLE 5-1 

PERCENTAGE SHARE OF ELECTRIC UTILITIES' GENERATION BY ENERGY SOURCE* 

Natural 
Year Gas Coal Petroleum Nuclear Hydro Other Total 

1 972 21 .5% 44. 1 %  1 5.6% 3. 1 %  1 5.6% . 1 % 1 00o/o 
1 980 1 5. 1 % 50.8%'' 1 0.8% 1 1 .0% 1 2. 1 %  .2% 1 00% 

1 985 1 1 .8% 56.8% 4. 1 %  1 5.5% 1 1 .4% .4% 1 00% 

1 990 9.4% 55.5% 4.2% 20.6% 1 0.0% .4% 1 00% 

1 991 9.4% 54.9% 4.0% 21 .7% 9.8% .4% 1 00% 

* This table shows only traditional electric utilities and does not include generation by non-utility generators, 
i.e., independent power producers and commercial and industrial cogenerators. 

SOURCE: U.S. Energy Information Administration, Monthly Energy Review, May 1 992, DOE/EIA-
0035(92/05), Table 7-1 , p. 91 ; and Annual Energy Review 1991, DOE/EIA-0384(91 ), June 1 992, Table 92, p. 21 1 .  
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TABLE 5-2 

ENERGY USED BY ELECTRIC UTILITIES 

Coal Petroleum Quadri l l ion BTU 
(Million (Million 

Year Gas (TCF) Tons) Barrels) Gas Coal Petroleum Nuclear Hydro 

1 972 3.98 352 497 4.08 7.81 3. 1 0  .58 2.83 
1 980 3.68 569 420 3.81 1 2. 1 2  2 .63 2.74 3.09 
1 985 3.04 694 1 73 3. 1 6  1 4.54 1 .09 4. 1 5  3.33 
1 990 2.79 774 1 96 2.88 1 6. 1 9  1 .25 6 . 1 6 2.91 
1 991 2 .79 772 1 85 2.88 1 6.07 1 . 1 8  6.54 3.05 

SOURCE: U.S. Energy Information Administration, Monthly Energy Review, May 1 992, DOEIEIA-0035(95/05), 
Table 7-3, p.95 and Table 2-6, p.33; Annual Energy Review 1991, June 1 992, DOE/EIA-0384(91 ) , Tables 94 and 95, 
pp. 21 5 and 21 7. 

• The petroleum share declined very 
· sharply and remains low. 5 

• The nuclear share increased rapidly but is 
now leveling off since no new plants have 
been ordered since 1 97 4 and only two 
new plants are projected to come on-line 
by 2000 . Otherwise, nuclear generation 
can increase only if the availability of ex­
isting nuclear units is improved. The nu­
clear share is likely to fall in the years 
ahead as availability declines and older 
plants are retired at or before the end of 
their operating licenses. Attachment # 1 to 
this chapter lists operating nuclear plants 
in the United States according to the year 
in which the operating license for the plant 
expires. 

• The hydro power share has been declin­
ing steadily-in percentage terms-since 
most available large U.S. hydro sites have 
already been developed. 

Energy Used by Electric Utilities 

Table 5-2 shows the quantities of natural 
gas, coal, and petroleum used by electric utili-

5 Not shown in Table 5-1 is the sharp increase in oil 
usage by electric utilities from 1985 to 1986 when Saudi 
Arabia sharply increased its oil production and world oil 
prices declined sharply-a strong reminder that (a) oil 
prices continue to be affected by cartel actions to man­
age production levels and (b) oil use by utilities could in­
crease again if its delivered price is less than competing 
energy sources. 

ties during 1 972 ,  1 980, 1 985 , 1 990, and 1 99 1 . 
The peak year for natural gas use in electric 
generation was 1 972 .  

Quantities of Natural Gas, Coal, 
and Petroleum Used by Non-Utility 
Generators 

Data on the rapidly growing non-utility 
electric generation are not as complete as data 
on traditional electric utilities. However, both 
the Edison Electric Institute (EEl) and the En­
ergy Information Administration (EIA) have 
conducted surveys and issued recent reports. 

Non-utility generators (NUGs) include in­
dependent power producers (IPPs) that con­
struct facilities for the production of electricity 
that is sold on a wholesale basis to traditional 
electric utilities, and commercial and industrial 
cogenerators that produce both electricity and 
steam or heat that can be used for other pur­
poses. Electricity in excess of the needs of 
commercial or industrial cogenerators is sold 
to an electric utility. 

EEl Data on Non-Utility Electric 
Generation: 1986- 1 990 

Table 5-3 shows the growth in non-utility 
generation and contrasts non-utility · generation 
with that of the traditional electric utility genera­
tors. Note that , except for the following table, 
data on cogenerators are included in the com­
mercial and industrial chapters. The cogenera­
tion data are included in Table 5-3 only to show 
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TABLE 5-3 

MILLION MEGAWATT HOURS OF ELECTRICITY GENERATION 

Non-Utility 
Traditional 

Small Power Other Non-Utility Elec. Util. 
Year Cogenerators Producers Producers Total NUGs Producers 

1 986 88.4 1 4.5 9.0 1 1 2.0 2,487.3 
1 987 1 1 8.4 1 8.5 9.7 1 46.6 2,572 . 1  
1 988 1 40.4 22. 1  1 1 .8 1 74.3 2,704.3 
1 989 1 57.0 30.8 1 3. 1  200.9 2,784.3 
1 990 1 80.8 37.2 1 4.8 232.8 2,807.1  

Each segment as percent of  total : 

1 986 3.4% .5% .3% 4.3% 95.7% 
1 990 5.9% 1 .2% .4% 7.7% 92.3% 

SOURCE: Edison Electric Institute, 1990 Capacity and Generation of Non-Utility Sources of Energy, 
December 1 991 . 

the relative importance of cogeneration in sup­
plying the nation's electricity demands. 

EIA Data on Non-Utility Electric 
Generation: 1989-1 990 

Table 5-4 shows the breakdown by en­
ergy source for the electricity generated by 
non-utility power producers in 1 989 and 1 990. 
Note that the amount of generation is about 7 
percent less than reported by EEl (summa­
rized immediately above) . The EIA report on 
which Table 5-4 is based is limited to produc­
ers with installed capacity of  5 or more 
megawatts, which may explain part of the dif­
ference. 

OPPORTUNITIES FOR INCREASED 
USE OF NATURAL GAS IN ELEC­
TRIC GENERATION 

The potential markets for increased use of 
natural gas in electric generation include both 
traditional electric utilities ,  which supplied 
about 92.3 percent of the electricity used in the 
United States in 1 990, and non-utility genera­
tors, which supplied 7 .  7 percent. The potential 
for increased use of  gas by cogenerators , 
which currently make up a large share of non­
utility generation, is covered in the commercial 
and industrial chapters of this report. 
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This section will discuss: 

• The range of potential future demand for 
increased gas use as shown in two scenar­
ios developed by the NPC 

• Types of generating facilities where addi­
tional natural gas can be used 

• The wide variation from case-to-case in 
the potential for increased gas use 

• Key developments affecting the potential 
for increased use of gas in electric gener­
ation. 

In general, there are four potential ways (in ad­
dition to cogeneration) that natural gas can play 
a larger role in supplying energy used in elec­
tric generation: . 

• Running existing gas-fired generating 
units more often (i.e . , at higher capacity 
factors) 

• Adding gas-burning capacity to existing 
oil- or coal-fired generating units (e.g. , to 
gain fuel flexibility or meet environmental 
requirements) 

• Repowering existing generating units 
(coal, oil, or nuclear) , possibly increasing 
capacity of the unit at the same time 

• Building new base-load, intermediate­
load (cycling) or peak-load generating 



units (by traditional electric utility or an in­
dependent power producer) . 

The question of whether any one of the above 
steps is necessary or advantageous to an elec­
tric generating company depends on a number 
of factors, including the generating capacity 
now available, expected growth in demand for 
electricity in the region, the condition of exist­
ing generating units, expected fuel prices, en­
vironmental requirements,  and alternatives 
available. 

As explained in more detail later, a deci­
sion to choose gas or an alternative depends 
on many factors that vary widely among sites, 
type of generating unit, potential applications, 
technologies, companies ,  regions, distance 
from fuel sources, and fuel transportation alter­
natives and costs. Those making fuel choice 
decisions for utilities or IPPs and those who 
wish to sell gas or provide transportation ser­
vices to utilities and IPPs will have to under­
stand factors affecting decisions on a case-by­
case b asis to  make wise investment and 
marketing choices, rather than rely on model 
outputs. 

Potential Gas Demand for Natural 
Gas for Electric Generation as 
Shown in Two Scenarios Developed 
by the NPC 

The NPC Model Reference Cases are 
based on two fundamentally different scenarios 
for U.S. energy supply, demand, and prices for 
the period through 20 10 ,6 and were developed 
during the NPC Natural Gas Study. The Cases 
were developed as an attempt to show two dif­
ferent potential energy futures. It should be 
recognized that the model outputs for the two 

scenarios are merely the result of the input as­
sumptions and neither Case is offered as a 
"forecast: '  In summary: 

• Reference Case 1 contemplates U.S. en­
ergy demand growing from 82 quadrillion 
BTU (QBTU) in 1 99 1  to 1 00 QBTU in 20 10. 
It assumes economic growth averaging 
2 .4  percent per year, continuation of en­
ergy efficiency improvements, and crude 
oil prices7 growing 1 percent per year in 
real terms (to $29 per barrel in 1 990 dol­
lars by 20 1 0) . It also assumes that elec­
tricity demand will grow by 1 .5 percent 
per year from 1 990 to 2000 and by 1 .8 
percent per year from 200 1 to 20 1 0, aver­
aging 1 .  62 percent per year over the en­
tire period. 

• Reference Case 2 contemplates U.S. en­
ergy demand growing from 82 QBTU in 
1 99 1  to 88 QBTU by 20 1 0 .  It assumes 
economic growth averaging 2 .0  percent 
per year, increased energy efficiency, and 
crude oil prices of $20 per barrel in 1 990 
dollars by 20 1 0. It also assumes electric­
ity demand will grow 1 . 1 percent per year 
from 1 990 to 2000 , and by 1 . 5 percent 
from 200 1 to 20 1 0 ,  averaging 1 .3 percent 
per year over the entire period. 

6 The underlying scenarios, the assumptions, and 
the model outputs are described in more detail else­
where. Specifically, a general description of the model 
and scenarios appears in Chapter Two of Volume 1-the 
Summary Report of the Natural Gas Study. Additional in­
formation on the model and the assumptions used for the 
two scenarios is provided in Volume VI. A more detailed 
discussion of assumptions driving the model outputs with 
respect to natural gas demand appears in Chapter Eight 
of this volume. 

1 U.S. refiners acquisition cost of crude oil (RACC) . 

TABLE 5-4 

MILLION MEGAWATT HOURS OF ELECTRICITY GENERATION 

Year Natural Gas Petroleum Coal Hydro Wood Other Total 

1 989 86.2 5.9 30.3 5.9 27.5 31 .3 1 87.1 
1 990 99. 1  5.4 30.9 6.2 30.7 42.9 21 5.2 

SOURCE: U.S. Energy Information Administration, "Non-Utility Power Producers," by Lawrence Prete, 
Janet Gordon and Betty Williams, Electric Power Monthly, April 1 992, pp. 1 -1 8, Table FE1 . 
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Model Outputs With Respect to Potential 
Gas Demand for Electric Generation 

Table 5-5 shows the potential growth in 
gas demand for electric generationS in the 
lower-48 states based on the assumptions used 
for the NPC scenarios. The table also shows 
potential growth in gas demand for electric 
generation as shown in the Gas Research Insti­
tute's (GRI) " 1 993 Baseline," issued in August 
1 992 ,  and the Energy Information Administra­
tion's "Reference Case: ·  published in January 
1 992 .  Each source uses different input as­
sumptions and different models to make calcu­
lations. 

Key Input Assumptions That 
Determine NPC Model Outputs 
With Respect to Gas Demand 
for Electric Generation 

Inputs to the NPC model included many 
assumptions that determine the outputs from 
the model under the two scenarios, including 
the above numbers on potential for gas in elec­
tric generation. Most of the assumptions affect­
ing the model outputs with respect to use of 
natural gas in electric generation are explained 
in Chapter Eight. The various assumptions are 
listed in Attachment #2 to this chapter, along 
with the page numbers in Chapter Eight where 
the discussion of the assumptions can be 

8 Includes traditional electric utilities and indepen­
dent power producers only. Gas used in cogeneration 
and self-generation of electricity by commercial and in­
dustrial organizations are shown in chapters covering 
those sectors. 

found. The most important assumptions driv­
ing the model outputs with respect to need for 
new generating capacity and the gas share of 
energy used for electric generation are: 

• Economic growth (and attendant factors 
affecting residential, commercial and in­
dustrial demand for energy) . 

• Demand for electricity. 

• Delivered prices of gas, coal, and oil for 
electric generation, including fuel trans­
portation costs. 

• Capital costs for coal-fired and gas-fired 
generating units. 

• "Floors" assumed for gas share of new 
generating unit market. This refers to as­
sumptions that certain shares of new gen­
eration will be gas-fired regardless of the 
economics of  gas vs . other epergy 
sources (e.g. , that all fossil-fueled genera­
tion projected for New England,  New 
York, and New Jersey through the year 
20 10  will be gas- or oil-fired) . 

• Repowering of certain amounts of gener­
ating capacity; and that natural gas or oil 
will be the fuel used for the repowered fa­
cilities. 

• "Institutional" constraints. These are judg­
ments incorporated in the model concern­
ing such factors as the lead-time that 
would be required to build coal-fired gen­
erating units, opposition to building coal­
fired units in some regions, and the poten­
tial that electric utilities will be more 
willing after the year 2000 than before to 

TABLE 5·5 

PROJECTIONS OF GAS DEMAND FOR ELECTRIC GENERATION 
(Trill ions of Cubic Feet) 

NPC Reference Case 1 
Reference Case 2 

GRI 1 993 Baseline* 
EIA 1 992 Reference* 

Actual 1 991 

2.8 
2.8 

2.9 
2.9 

2000 

3.7 
3. 1 

3. 1 
4.5 

201 0 

5.2 
4.8 

4.2 
5.7 

* Both G Rl and EIA show other cases, with different input assumptions, that show higher and lower estimates of 
future gas demand for electric generation. 
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take the financial risks associated with 
building generating units. Another "insti­
tutional" constraint is the assumption that 
electric utilities will add generating ca­
pacity in accordance with plans and pro­
jections for new generation capacity for 
the period from 1 990 to 2000 published 
by North American Electric Reliability 
Council in 1 99 1 .  
Use of the outputs from the NPC Refer­

ence Cases with respect to potential gas de­
mand for electric generation should be pre­
ceded by a careful review and thorough 
understanding of the assumptions that drive the 
NPC model outputs. 

Regional Analyses 

The last section of this chapter includes 
analyses, prepared by Demand and Distribu­
tion Task Group regional teams, of the potential 
for increased use of gas in electric generation 
in each of the ten regions. These analyses pre­
sent an alternative assessment-compared to 
the model outputs-of the need for new elec­
tric generating capacity and the role of gas in 
supplying energy for electric generation. 

Types of Electric Generating 
Facilities Where Additional 
Natural Gas Might Be Used 

There are a variety of potential opportuni­
ties for increased use of natural gas in electric 
generation. Organizations in the gas industry 
need to understand the different potential ap­
plications in order to market effectively to elec­
tric generating companies. 

Existing Gas-Fired Generating Units 

In some areas where gas use in electric 
generation was prevalent in the 1 970s, some 
utilities built coal-fired and nuclear generating 
units and reduced the use of gas-fired units to 
comply with the Powerplant and Industrial Fuel 
Use Act of 1 978 (PIFUA) . Some of these gas­
fired units are mothballed and others are in use 
but operate at low load factors. These generat­
ing units could use additional gas when prices 
are low or when electricity demand increases 
to the point where they are needed because 
other available generating units are running at 
full capacity. 

Existing Oil- Or Coal-Fired Units That 
Add Capability To Burn Gas 

Some electric utilities are adding-or 
have the potential to add-gas burning capa­
bility in existing oil- or coal-fired steam gener­
ating units. Adding such capability-so the unit 
can run fully on gas or on a co-firing or reburn 
basis-would generally be done to permit 
meeting tighter enVironmental requirements, 
particularly to achieve reductions in sulfur diox­
ide and carbon dioxide emissions; provide an 
alternative fuel source as protection against 
supply interruptions or price increases for the 
primary fuel source; and/or increase the diver­
sity of the utility's energy sources. 

Repowering of Existing 
Generating Units 

Some electric utilities are "repowering" 
existing generating units, or have the capability 
to do so. "Repowering" may involve a wide 
range of actions, including: 

• Substitution of a new boiler (one that 
could burn gas, oil, or coal) for an existing 
boiler and continuing to use an existing 
steam turbine and generator 

• Adding one or more new gas turbines that 
drive new generators and using the ex­
cess heat to make steam that would sup­
ply an existing steam turbine and genera­
tor (i.e . , a combined-cycle configuration) 

• Substituting an entirely new gas-fired 
combined-cycle facility (gas turbines, 
waste heat boiler, steam turbine, and gen­
erators) . 
Generally; distillate oil (#2) would be the 

back-up fuel for use in gas turbines, though en­
Vironmental and energy facilities siting-board 
authorities in some states are imposing strin­
gent restrictions on back-up fuel use. 

Repowering often offers an attractive op­
portunity for electric generation since it uses 
an existing generating site and may: 

• Involve less neighbor and community op­
position as compared to a new site 

• Take less time to obtain necessary per­
mits 

• May involve less cost-since land, some 
usable facilities (access to transmission 
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lines, water supplies ,  maintenance, etc .) 
and support services are already avail­
able. 

New Base Load Generating Units 

In some cases, new base load generating 
units may be needed to accommodate in­
creased electricity demand or to replace units 
that must be retired. 9 

"Base load" refers to generating units that 
are kept on-line for long periods to serve elec­
tricity demand. They often run for weeks or 
months without being taken off-line, though 
they may be producing electricity at less than 
full capacity. New gas-fired combined cycle 
generating units are being built in some areas 
for this purpose . Such new base load units 
may be built by electric utilities or by indepen­
dent power producers. 

New Intermediate or "Cycling" Units 

In some cases, expected electricity de­
mand may indicate the need for new generat­
ing units that "cycle" or provide electricity for 
what is sometimes called "intermediate" load. 
These units are started when demand for elec­
tricity increases and shut down when it de­
creases. For example, they are most likely to 
be started when demand increases in the 
morning hours of a weekday and shut down 
late in the afternoon. They may be run on 
weekends when weather is quite hot or cold, 
but are less likely to be run during the spring 
and fall. 

New gas-fired combined-cycle units are 
being built for this purpose. As electricity de­
mand increases or existing base-load units are 
shut down, these units may become base load 
units. Such units may also be built by electric 
utilities or by independent power producers. 

New Peaking Units 

In some cases, expected electricity de­
. mand may indicate the need for new generat­
ing capacity that is run only to serve "peak" 
demand-perhaps only a few hours on days 

9 Relatively few utilities have scheduled retire­
ments of existing generating units . Instead, if capacity is 
needed, necessary capital and maintenance work may 
be done to extend the life of the unit or it may be "repow­
ered" as described above. 
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with high loads, only a few days per year, or 
when there is a shortage of capacity due to un­
expected outages of base load or cycling units. 

Gas- or oil-fired turbines are commonly 
used for this purpose. Peaking units may be 
the only type of capacity needed by some utili­
ties, particularly those that have built significant 
amounts of base load capacity in the past and 
are experiencing low load growth. 

Gas- and oil-fired turbines initially built for 
peaking purposes may be constructed so that 
waste heat boilers and steam turbines can be 
added later, turning the facility into a combined­
cycle configuration for use in serving cycling or 
base loads. 

Peaking units may also be built by electric 
utilities or by independent power producers. 

Co-Generation and Self-Generation 

Gas-fired electric generating units may 
be built by commercial or industrial facilities 
in a cogeneration configuration or solely as 
electric generating units to provide needed 
power (perhaps with the sale of excess power 
to an electric utility) . As indicated earlier, co­
generation and self-generation by commercial 
or industrial facilities are covered in other 
chapters of this report. 

Repowering Uncompleted or Retired 
Nuclear Generating Units 

Nuclear generating units that were not 
completed or have been retired offer another 
potential opportunity for increased gas use . In 
such cases, gas turbines and waste heat boil­
ers, arranged in a combined-cycle configura­
tion, could be used to drive steam turbines and 
generators originally built for the nuclear 
plants. 

Wide Variation from Site to Site in 
the Potential for Gas Use 

Current and potential gas demand varies 
widely among the regions of the country for 
many reasons such as distance from gas supply 
sources, availability and cost of existing trans­
portation and distribution systems, and avail­
ability and cost of competing energy sources. 
In addition, the NPC has found that the oppor­
tunities for the use of gas and its relative eco-



nomic favorability vary widely among sites ,  
particular applications, and particular situa­
tions of the organizations that own or operate 
the facilities. In addition, perceptions as to fu­
ture gas supply availability and prices have an 
important impact on choices among fuel 
sources made by electric generators. 

Generalized analyses l O  of the relative 
economic advantages of gas vs . other fuel 
sources are valid only as indications of poten­
tial competitive position. Actual fuel choice 
and facility investment decisions must take 
site-specific factors into account. Because of 
the importance of site and application-specific 
factors, Attachment #3 to this chapter identifies 
many of the factors taken into account by an 
electric generator when making choices 
among energy sources for new facilities or the 
repowering of existing facilities. 

Key Developments .Affecting the 
Potential for Increased Use of Gas 
in Electric Generation 

A number of developments in recent years 
have contributed to increased interest in rely­
ing more heavily on natural gas for electric 
generation. 

Developments Important at the 
National Level 

At the national or public policy level, key 
developments that tend to  encourage in­
creased use of gas include: 

Clean Air Act requirements. Stringent re­
strictions have been imposed on emissions of 
sulfur dioxide, oxides of nitrogen, and particu­
lates from new and existing generating units by 
the Clean Air Act (CAA) , particularly as that Act 
was amended in 1 990. Also, increasingly strin­
gent state air quality requirements are being 
imposed as a part of state air quality imple­
mentation plans (SIPs) and at the same time 
states grant permits for modifications of gener­
ating units. In accordance with the "acid rain" 
provisions of the 1 990 CAA amendments, elec-

10 Generalized analyses are often based on "aver­
age" costs (i.e. ,  averages of fuel cost, fuel transportation 
costs, capital costs, non-fuel operating and maintenance 
costs) that do not reflect site-specific variations that gen­
erally are critical when making fuel choice or capital in­
vestment decisions. 

trio utilities must reduce sulfur dioxide emis­
sions by about 8 million tons nationwide (or ap­
proximately half of the level of sulfur dioxide 
emissions in 1 985) . These reductions will be 
achieved either by installing flue gas scrub­
bers, switching from high to lower sulfur coal, 
or using gas or low sulfur oil along with coal 
(referred to as "co-firing" or "reburning") .  

Concern about global climate change 
and "greenhouse gasses." Growing public 
concern about potential glob al climate 
changes and "greenhouse gasses" has led to 
increased interest in natural gas, which results 
in less emission of carbon dioxide (C02) and, 
potentially, nitrogen oxides (NOx) than other 
fossil fuels. 

Repeal of Fuel Use Act prohibitions. Pro­
hibitions in the 1 978 Powerplant and Industrial 
Fuel Use Act against using natural gas m exist­
ing industrial and electric generating facilities 
or building new gas-fired facilities have been 
substantially repealed. Those restrictions were 
based on a belief, now recognized as incorrect , 
that the nation was in danger of running out of 
natural gas. 

Gas prices. Natural gas wellhead prices 
and oil prices have proven to be much lower 
than projected in the late 1 970s when the Natu­
ral Gas Policy Act (NGPA) was passed. Even 
though prices have been low, supplies have 
been plentiful and the outlook is favorable for 
adequate long-term supplies and competitive 
prices. 

Less risk of overruns. G as-fired 
combined-cycle and combustion turbine units 
tend to have less risk of cost overruns that often 
occurred in the case of large coal and nuclear 
generating units in the 1 980s. Gas-fired units 
have less risk of overruns because a large 
share of the total capital cost is in standard 
manufactured items that do not require much 
field assembly. The units tend to have shorter 
construction times, more standard components, 
and, often, prices arranged largely in advance 
with the manufacturer. 

State "environmental externalities" re­
quirements. Several state regulatory com­
missions and siting boards have begun re­
quiring that ele ctric utilit ies t ake 
"environmental externalities" into account 
when developing their Integrated Resource 
Plans. Requirements vary from state to state, 
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but "externality" requirements generally re­
sult in an advantage for natural gas compared 
to other fossil fuels, but a penalty compared 
to conservation and renewable energy 
sources. 

Public opposition in some regions to 
coal-fired facilities. In some regions, opposi­
tion to the construction of new coal-fired facili­
ties or the conversion of existing industrial or 
electric generating facilities to use coal have 
effectively prevented increased use of coal and 
given gas an advantage. 

Declining exp e cta tions for n uclear 
power. Strong public opposition to nuclear 
power plants and concern about nuclear waste 
has reduced expectations as to the future con­
tribution of nuclear power as a potential source 
of energy for electric generation. 

Concern about reliance on imported oil. 
Concern about reliance on imported oil and 
' 'vulnerability' ' to oil supply disruption has con­
tinued to be the rationale cited by the Depart­
ment of Energy and many special interest 
groups to support proposed actions that might 
have the effect of shifting energy use to domes­
tic sources (such as natural gas, coal, or nu­
clear energy) or reducing energy require­
ments by improving efficiency of energy use. 

Reduced concern about long-term ade­
quacy of gas supplies and rapid increases in 
gas prices. Several developments have tended 
to reduce the concern among electric genera­
tors and regulators about the adequacy of long­
term gas supplies or the possibility of sharp 
prices increases, including: 
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• Continuing adequacy (or excess) of gas 
supplies, gas-on-gas competition, and rel­
atively low prices 

• Continuing moderate prices for other 
fuels with which gas will compete, includ­
ing coal and oil 

• Studies by and for the U.S. Department of 
Energy and the National Petroleum Coun­
cil showing higher estimates of the U.S. 
natural gas resource base 

• Continuing replacement of production 
(i.e. , little or no decline in reserve to pro­
duction ratios) even with lower levels of 
U.S. gas drilling activity 

• Improvements in technology for fmding 
and producing natural gas and lowering of 
estimates of cost of replacing reserves 

• Slower growth in the demand for gas than 
had been expected due to slow economic 
growth and to continuing improvements in 
energy efficiency, thus relieving some 
concerns about gas demand outstripping 
supply. 
Changes in pip elin e regula tion. 

Changes in Federal Energy Regulatory Com­
mission (FERC) regulation o f  interst ate 
pipelines, including "open access" regulations 
and approval of additional pipeline capacity 
expansion projects has made gas more readily 
available in areas and to users not previously 
considering gas. The net impact of FERC Or­
ders 636 and 636A, which call for the restruc­
turing of interstate pipeline activities, is not yet 
clear, but the FERC's policy of encouraging 
competition is favorably regarded. The FERC's 
intent is apparently to lower the price of gas to 
customers who do not require service during 
peak periods. This may help electric genera­
tors that have access to and capability to use 
interruptible gas. However, firm transportation 
service may be more costly. 

Developments Important at the Site or 
Facility Level 

Some developments favoring increased 
natural gas more directly affect specific facili­
ties or sites. Examples include: 

High efficiency gas-fired turbines and 
combined-cycle generating facilities. Ad­
vances in gas-turbine technology and metals 
(particularly from aircraft engine technology) 
and the development of gas-fired combined­
cycle generating units have made it possible to 
generate electricity with gas with substantially 
higher efficiency than is possible with com­
mercially available coal-fired generating units. 

Lower capital and n on-fuel operating 
costs. Capital and non-fuel operating costs are 
lower for natural gas-frred generating units than 
for comparably sized coal-fired units. 

Modularity. Gas-fired generating units, 
particularly in combined-cycle configurations, 
can be built as modules (one or two gas tur­
bines, followed by a waste heat recovery boiler 
and steam turbine) , making it easier to add 



generating capacity as electricity demand in­
creases-as opposed to building a large incre­
ment of coal-fired capacity. 

Shorter construction time. Gas-fired gen­
erating units can generally be built more 
quickly than coal-fired units. 

Less neighbor, community, and 11public 
interest group " opposition and poten tially 
shorter permitting time. In many regions, gas­
fired facilities tend to attract less opposition 
from neighbors, communities, and "public in­
terest groups." Such lower opposition tends to 
translate into less opposition from media and 
political leaders and, potentially, to less delay 
for facility owners and developers in obtaining 
the dozens of permits that are usually required. 

Lower emissions and less waste. Gas­
fired facilities emit virtually no sulfur dioxide, 
much less carbon dioxide and potentially less 
nitrogen oxides' than coal- and oil-fired facilities 
using the same amount of energy. Also, gas­
fired facilities produce substantially less waste 
(e.g. , ash, sludge from scrubbers) than coal- or 
oil-fired facilities. 

Emergence and growth of independent 
power producers. IPPs that produce and sell 
power on a wholesale basis to electric utilities 
have tended to select natural gas more often 
than other fuels .  The selection of gas over 
other fuels, particularly coal, is heavily affected 
by such factors as: 

• Economic size of the facility (particularly 
for cogeneration) 

• Likelihood that the facility will be built at a 
new generating site and thus the devel­
oper has the option of selecting a site near 
an adequate gas pipeline or other gas 
supply source 

• Unlike a traditional electric utility, the IPP 
developer does not have the option of tak­
ing advantage of economics of building 
another unit at an existing site (which is 
important when coal is an option) 

• The availability of  sites  close to  gas 
pipelines 

• Opposition in some regions where addi­
tional generation is needed to coal-fired 
facilities 

• The likelihood that a NUG facility will be at 
a new site (not an existing generating site) 
and it is easier to obtain permits for a gas­
fired facility 

• Shorter construction time and other factors 
favoring gas listed earlier in this section. 

Developments Tending to Retard the 
Demand for Electricity, New Generat­
ing Capacity, and Energy Needed for 
Generation 

While the factors described above have 
contributed to a strong potential for increased 
use of gas in electric generation, other factors 
tend to retard growth in demand for electricity 
and the need for new generating capacity, thus 
holding down the size of the market for which 
natural gas will be competing. These factors 
include: 

Slow economic growth. Electricity de­
mand growth has tended to parallel economic 
growth more closely than has demand for pri­
mary energy sources such as oil, coal, and nat­
ural gas. The weak state of the U.S. economy 
during the past two years has undoubtedly 
contributed to slower growth in electricity de­
mand. 

Conserva tion and loa d management. 
Many electric utilities-particularly in the 
Northeast an,d on the West Coast-have under­
taken ambitious Demand Side Management 
programs. These programs typically are de­
signed to encourage customers to use less 
electricity or to use it more efficiently (i.e . ,  
"conservation") and, in some situations, to re­
duce peak demand (i.e . ,  load management) . 
These programs are spreading to other areas 
and are likely to have a major impact on the 
rate of growth in demand for electricity. 

Integrated Resource Planning (IRP) re­
quirements. Electric utilities in more than 30 
states now must comply with some kind of re­
quirement to develop "Integrated Resource 
Plans." IRP requirements are having a major 
impact in that they are encouraging adoption of 
energy efficiency; conservation, and load man­
agement activities ( ' 'demand-side' ') by electric 
utilities. Such demand-side activities reduce 
the rate of growth in overall demand and peak 
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demand for electricity, the need for new gener­
ati:hg capacity, and fuel to generate electricity. 
The impact of IRP requirements is likely to in­
crease as such requirements spread to more 
states and utilities. (More details on electric 
utility IRP requirements are included in Attach­
ment #4 to this chapter.) 

Energy efficiency standards and regula­
tions. Statutes and regulations adopted by the 
federal and state governments have stimulated 
energy conservation and greater efficiencies, 
such as standards for electrical appliances 
and for insulation. The cost-effectiveness of 
this approach is and will remain open to ques­
tion but the impact is likely to include in­
creased efforts to develop more energy effi­
cient products. 

Improvements in technology for conser­
vation and energy efficiency. Improvements in 
technologies for energy conservation and en­
ergy efficiency; stimulated in the late 1 970s by 
higher oil prices ,  have continued and ex­
panded. Even though prices have moderated, 
technological improvements are continuing be­
cause of the stimulus provided by electric util­
ity demand-side programs and federal and 
state energy efficiency standards and regula­
tions. Electricity demand is being held down 
by products with improved energy efficiencies 
now on the market such as improved light 
bulbs and ballasts, variable speed motors, ap­
pliances, insulation, windows, doors, and other 
building materials. 

Change to less energy-intensive U.S. in­
dustrial mix. The continuing trend in the 
United States toward a less energy-intensive 
mix of industrial activities is also tending to 
slow growth in demand for electricity. 

Increasing output of existing generating 
facilities. Even when electric utilities are 
faced with the need for additional generating 
capacity, they often have options that may be 
less costly than building new generating ca­
pacity. These include capital and operating 
and maintenance (O&M) expenditures to ex­
tend the lives or increase the availability of ex­
isting facilities, and increasing generating ca­
pacity as a part of actions to repowering 
existing facilities. Utilities may also decide to 
buy power from other utilities that have excess 
capacity. 
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CHALLENGES TIIAT MUST BE 
OVERCOME AS THE ROLE OF 
NATURAL GAS IN ELECTRIC 
GENERATION INCREASES 

While many important developments are 
working to increase interest in the use of natural 
gas in electric generation , important chal­
lenges must be overcome before the objective 
of substantially increasing the role of natural 
gas in electric generation can be fully realized. 
This section of the report outlines those chal­
lenges. 

While many obstacles have been identi­
fied, the NPC has not found any obstacles that 
are not being or cannot be overcome. The ob­
stacles could be overcome more quickly-for 
the benefit of electric and gas customers and 
the environment-through concerted effort by 
organizations in the gas and electric generation 
industries; local, state, and federal government 
agencies; and organizations representing envi­
ronmental and consumer interests. 

Adjusting to the Changing Struc­
ture of the Gas Industry and 
Changing Electric Generation 
Markets for Natural Gas 

Changes in statutes, 1 1  regulations, and en­
ergy markets have had a major impact on the 
natural gas industry during the past 1 4  years 
and more changes are underway. As a result of 
the changes, many individuals and organiza­
tions in the gas industry have new roles and re­
sponsibilities ,  new markets ,  and new cus­
tomers whose concerns , needs , and 
expectations must be understood. 

The adjustment process is underway, but 
will have to be pursued aggressively by organi­
zations in the gas industry if gas is to realize its 
market potential. 

The information in this chapter is intended 
to help individuals and organizations that wish 
to improve their understanding of potential de-

1 1  Including particularly the Natural Gas Policy Act 
(NGPA) , The Powerplant and Industrial Fuel Use Act 
(PIFUA) , and the Public Utility Regulatory Policy Act 
(PURPA), all passed in 1978 and all having important im­
plications for gas demand. 



mand for natural gas in electric generation. It 
also provides recommendations on ways to ac­
celerate the adjustment process through ac­
tions by organizations in the gas industry and 
other parties. 

Incomplete Gas Industry Understand­
ing of Potential Markets in Electric 
Generation 

Organizations in the gas industry that may 
wish to sell or transport natural gas to electric 
utilities may not understand electric utility deci­
sion processes or the factors affecting making 
fuel choices. l 2 Some in the gas industry be­
lieve that electric utilities have a "coal bias" 
and/or favor selection of coal-fired facilities be­
cause they have higher capital cost and thus in­
crease the utilities rate base. This view is 
sharply disputed by representatives of electric 
utilities who believe some in the gas industry 
are laboring under false impressions as to 
which factors are important in fuel choice deci­
sions. l3 Because of incomplete understanding 
of electric generation markets and decision 
processes, economic analyses of fuel choice 
decisions now being prepared by organiza­
tions wishing to sell or transport gas to electric 
utilities may miss important considerations. 

Further, the NPC Study Focus Groups re­
vealed a strong view among electric genera­
tion executives, fuel buyers, and regulators that 
organizations in the gas industry need to be 
more aware of and responsive to potential cus­
tomers' needs. 

Attachments #3 and #4 to this chapter 
provide additional information, respectively; on 
factors (including site-specific factors) that are 
likely to affect fuel choice decisions and addi­
tional information on the electric generation in­
dustry such as key developments, planning 
processes, power pools, and "economic dis­
patch" of generating units. 

1 2 As indicated earlier in this report , major 
changes in regulation in the natural gas industry, particu­
larly interstate pipelines, have changed roles. For exam­
ple, gas producers who once sold only to pipelines, now 
have an opportunity to sell to end users. 

13 See Attachment #4. 

Incomplete Electric Generation In­
dustry Understanding of Potential for 
Using Gas 

Electric generators may not be sufficiently 
familiar with the potential for using natural gas 
for electric generation. Use of natural gas by 
electric utilities has largely been confined to six 
states (Texas, Louisiana, Oklahoma, California, 
New York, and Florida) . The practical effect is 
that electric generators do not have the same 
knowledge and familiarity with natural gas as 
they do with oil and coal. In some cases, this 
lack of familiarity undoubtedly contributes to 
the concerns and perceptions of electric gen­
eration. (These concerns and perceptions are 
discussed later in this chapter.) 

Competition from Other 
Energy Sources 

Natural gas has a number of advantages 
over other fossil fuels in electric generation 
markets. However, the NPC also found that gas 
will face stiff competition in electric generation 
markets from coal ,  oil, renewables and, in 
some regions, from excess nuclear and coal­
fired generating capacity. These factors are 
discussed below. 

Coal 

Natural gas will face stiff competition from 
coal in large areas of the United States14 be­
cause: 

• Coal-fired generating units equipped with 
available pollution control equipment can 
meet existing environmental requirements 

• Coal-fired generating units that can be lo­
cated near coal-producing areas gener­
ally can obtain coal at prices below the 
national average delivered costs for coal 
(which includes higher transportation 
costs) 

1 4 From Arizona, Nevada, and Montana on the 
West; Canada on the North; Western New York, Pennsyl­
vania, possibly Western parts of Maryland, Vll'ginia, the 
Carolinas and Georgia, and Florida on the East (also, 
some coal-fired generation is still planned for Maryland, 
New Jersey, and Delaware) ; and the Gulf of Mexico on 
the South. Ground-breaking was recently announced for 
a ! SO-megawatt coal-fired generating unit in Mas­
sachusetts which, heretofore, had been considered un­
likely to accept construction of any coal-burning facility. 
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• Coal prices have been going down, even 
in current dollar terms, particularly be­
cause of new technology and higher mine 
productivity. New contracts are being 
signed at prices lower than existing con­
tracts and high sulfur coal prices are likely 
to continue falling in most areas 

• Rail transport costs have been going down 
in real terms 

• Generating plants with water delivery for 
coal can take advantage of competition 
among ship and barge owners or buy 
their own vessels to control ship and 
barge transportation rates 

• Some organizations operating electric 
generating units prefer coal (or oil) be­
cause they can be stored on site : 

- Giving the electric generator the op­
portunity to optimize transportation ar­
rangements and costs 

- Providing more "comfort" because the 
fuel supply (coal or oil) is on site and 
under the generator's control-com­
pared to a pipeline connection to an off­
site gas supply that is under someone 
else's control. 

• Some states with indigenous high sulfur 
coal are concerned about the potential 
adverse economic impact of the loss of 
coal miiDng jobs and are strongly urging 
electric utilities to install scrubbers and 
continue use of high sulfur coal rather than 
switch to lower sulfur coal or gas. 

In addition, some potential electric gen­
eration users of gas are concerned that there is 
greater uncertainty about future natural gas 
prices than about coal prices. They appear to 
be concerned about the adequacy of gas sup­
plies and fear that gas prices will increase 
rapidly if shortfalls occur. Expectations that 
gas prices will rise much faster than prices for 
competing energy sources-whether correct 
or not-can, in economic evaluations, offset 
the economic benefits of the efficiency; capital 
and O&M cost and other economic advan­
tages of gas. 

Further, coal producers and transporters 
tend to have an excellent understanding of 
electric generation markets (their 

.
largest mar-
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ket, by far) and working relationships with elec­
tric generation customers. Coal producers and 
transporters have departments and staffs spe­
cializing in service to electric generators, and 
tailor contracts and service to the needs of 
their electric generation customers .  Also, 
many coal contracts have clauses that invoke 
price reductions when bonafide offers exist for 
alternative supplies of comparable coal. 

Oil 

The electric utility industry has sharply re­
duced its use of oil since the high levels of the 
late 1 970s ,  specifically from an average of 
1 . 742 million barrels per day in 1 978 to 506 
thousand barrels per day in 1 99 1 .  Some addi­
tional reductions can occur as electric utilities 
add gas-burning capability in existing oil-fired 
units or repower existing oil-fired units using 
gas. The potential for such actions depends 
heavily on the availability of gas transportation 
capacity; the cost of building additional gas 
transport capacity; utilities' perceptions of fu­
ture gas prices (wellhead and delivered) ,  and, 
potentially; environm�ntal requirements. Some 
existing oil-fired generating units are too re­
mote from pipelines to permit economical use 
of gas and probably will remain on oil. 

A substantial amount of generating capac­
ity has the capability to use either oil or natural 
gas. The choice as to fuel used actually de­
pends on which fuel has the lowest delivered 
price on any given day; which, in turn, often de­
pends on the availability of low cost interrupt­
ible gas transportation capacity. When deliv­
ered gas prices are lower than delivered oil 
prices (usually residual oil) , gas is likely to be 
used. When delivered oil prices are lower, oil 
is likely to be used. 

In addition, a substantial amount of oil­
fired steam-generating capacity remains avail­
able for use in some regions if and when 
needed. When the incremental costs (which 
consist primarily of the delivered cost of the oil) 
are higher than other available generating 
units, these units tend to be used as "cycling" 
or intermediate load units. Oil-fired peaking 
units (turbines or internal combustion) , which 
typically use # 2  oil, generally are run (dis­
patched) only to serve peak electricity de­
mand. 



Renewables 

Renewable energy sources for electric 
generation include hydro power, geothermal, 
solar, wind, and biomass. Hydro provided 9 .8 
percent of the energy used by electric utilities 
in 1 99 1  , and other renewables, combined, pro­
vided 0.4 percent. Relatively little expansion in 
hydro power is likely; but advances in technol­
ogy may help other sources. 

Natural gas will face competition from re­
newable energy sources because these energy 
sources (like conservation) have less adverse 
environmental impact than generation with gas 
or other fossil fuels. In addition, newly passed 
energy legislation provides valuable tax incen­
tives for using renewable energy sources . 
Some utilities are deploying small increments 
of advanced renewable technologies to test 
their viability. This market is helping to lower 
production costs for these technologies and 
make them more competitive. In some states, 
electric utilities are being strongly encouraged 
to increase the share of renewables in their 
generation mix by aggressive environmental 
and public utility regulatory authorities, state 
siting boards, and state legislators. 

Competition from Existing Generat­
ing Capacity in Areas with High Re­
serve Margins 

Several important areas of the country 
with substantial nuclear and coal-frred capacity 
in place have very high reserve margins, In 
areas with high reserve margins, some coal­
fired units are not run at full capacity: Power 
from these facilities and from nuclear facilities 
in high reserve areas is available to sell to 
other utilities at very low rates. In these areas, 
new gas-fired generation is unlikely to be more 
economical than buying power available from 
existing nuclear and coal-fired generating units. 

Much of the nation's coal-frred capacity 
has been built since new source performance 
standards were put in place in the 1 970s and 
will be largely unaffected by the "acid rain" 
provisions of 1 990 Clean Air Act Amendments. 
These units could be affected by nitrogen ox­
ide (NOx) requirements now being considered 
for some areas of the country: (Gas-fired plants 
may also be affected by new NOx require­
ments.) Much of the nuclear and coal-fired ca­
pacity in areas with very high reserve margins 

·was built or committed to during periods when 
electricity demand was expected to grow more 
rapidly than has actually occurred. 

Restrictions on the Use of Back-Up 
Fuels 

In some states, regulators (usually envi­
ronmental agencies or siting boards) have im­
posed limits on the use of back-up fuels for 
electric generating units-either by prohibiting 
use of a back-up fuel (e.g. , in California) , re­
stricting the number of days, or sharply limiting 
the conditions (e .g . ,  in Rhode Island) under 
which the gas-capable facility may be switched 
to its back-up fuel (usually #2 oil) . 

Such limitations can result in higher than 
necessary costs for both electric · and gas cus­
tomers. That is, they prevent electric utilities 
and LDCs from working together to share 
pipeline capacity and gas supplies in a way 
that would give an IDC's "core" customers pri­
ority access to gas supplies on very cold days, 
while allowing the generating unit to use its 
back-up fuel. If prevented from shifting to a 
back-up fuel in such situations , the electric 
generator with firm pipeline capacity would 
have to continue using gas. To satisfy its cus­
tomers' peak demands, the IDC will often have 
to use a high cost "peak shaving" fuel (e .g. , 
LNG or propane air) , with the gas customers 
paying the required higher cost. 

Such limitations also have the effect of in­
creasing the cost of gas transportation facilities 
serving the region if optimization of load, such 
as that described above, is prevented. 

In addition, if the pipeline capacity serv­
ing a region is limited, unnecessary prohibi­
tions on the use of a back-up fuel may prevent 
a utility or power pool from dispatching-or 
even counting upon-an otherwise economical 
generating facility on very cold days. 

Gas Industry Responsiveness to 
Customers 

The National Petroleum Council has 
learned, and the NPC's Focus Group studies 
confrrm, that organizations in the gas industry 
(producers, marketers, pipelines, and IDCs) 
are perceived as not having an adequate un­
derstanding of their downstream customers 
needs, concerns, and expectations and are not 
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being sufficiently responsive to them. In short, 
they are perceived as not having a "customer­
oriented culture:' 

The perceptions about gas industry atti­
tudes towards customers appear to be due in 
part to major changes in regulation and a lack 
of marketing experience. Participants are still 
adjusting to their new roles and responsibilities 
in a more competitive era. 

Changes in attitude appear to be occur­
ring. Some potential electric generation cus­
tomers that sought firm pipeline capCI,city in 
the p ast p erceived a lack of interest by 
pipelines and LDCs in expanding pipeline ca­
pacity. Electric generators who are interested 
in gas use are seeking responses from 
pipelines and LDCs that indicate "if you want 
to use (or increase use) of gas, we will work 
with you and our other customers to fmd the 
most efficient, lowest reasonable cost way of 
delivering gas to you." 

As indicated earlier, most past gas use for 
electric generation has occurred in six states. 
Gas and electric industry relationships have 
worked out in those cases and undoubtedly 
can work in other areas where there is a poten­
tial for increased gas use. 

In the case of gas producers, some ap­
pear to have concluded that focus group and 
customer criticism is accurate and have under­
taken efforts to improve their understanding of 
markets and their responsiveness to customer 
needs. 

Electric Generators' Concerns, 
Perceptions, and Needs That the 
Gas Industry Will Rave To Address · 

During the course of its activities, mem­
bers of the Demand and Distribution Task 
Group learned a great deal about the concerns 
and perceptions of the electric generation in­
dustry concerning increased reliance on natu­
ral gas. This information was obtained through 
participation in the Task Group and from pre­
sentations by representatives from the electric 
generation industry; from the analysis or re­
ports and studies from a variety of sources, and 
from reports from Focus Groups. 

The concerns and perceptions of decision 
makers in the electric generation industry, 
whether a�curate or not, will affect the potential 
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for increased gas use and, therefore, must be 
evaluated and addressed by those who wish to 
in�ease the role of gas in providing energy for 
electric generation. Ten major concerns are 
described below. 

Importance of Fuel Price 
Expectations 

Expectations as to future fuel prices are 
particularly important in the electric generation 
mdustry when investment decisions are made 
th�t affect the amount and source of energy that 
will be needed in the future. The decision may; 
for example, involve the investments in energy 
conservation and other demand-side activities, 
in the purchase of electrical power from others, 
adding capability to use another fuel, or in­
creasing generating capacity by building a 
new unit or repowering, extending the life, or 
increasing the availability of an existing unit. 

Fuel price expectations affect the eco­
nomic calculations that underlie the investment 
decisions. Depending upon the organization in­
volved, the sources of information on which ex­
pectations are based may include highly so­
phisticated internal studies, consultant-provided 
information and analyses, commercially avail­
able or government published fuel price fore­
casts, and, perhaps, information obtained at 
random from general and trade press stories. 

Regardless of the source, information on 
fuel price expectations has an important effect 
on electric generators' fuel choice and other in­
vestment decisions. When the decision in­
volves a capital investment, the impact is likely 
to be long-lasting (e.g. , the choice between a 
coal-fired or gas-fired generating unit) . 

Importance to Electric Generators of 
the Delivered Price of Fuel 

Investment decisions, customers bills, 
and prudence of fuel buying. For most deci­
sions that are affected by fuel price expecta­
tions, it is the delivered price of fuel that is of 
primary importance; i.e. , the cost of fuel at the 
wellhead, mine, or refmery; plus the cost of 
transporting the fuel to the site of the generat­
ing unit. Estimates of the delivered price of 
fuel must be used in economic analyses of al­
ternative investment decisions (including both 
demand- and supply-side investments) . The 
actual delivered cost of fuel is the cost that 



electric customers see in their monthly bills ,  
and it is the actual delivered cost that will be 
evaluated at some point (after the fact) by a 
utility commission to determine whether the 
electric utility has been prudent in its fuel pro­
curement actions. 

Economic dispatch. One important point 
where a cost other than full delivered fuel cost is 
used is when hour-by-hour, minute-by-minute 
decisions are made as to which generating 
units should be run (i . e . , "dispatched") to 
serve the electric demands being made at the 
time. Electric utilities and the power pools in 
which they participate seek to dispatch-as 
electric demand increases and decreases­
those generating units that will provide electric­
ity at the lowest cost to customers ; thus the 
term II economic dispatch.'' 

The important factor for "economic dis­
patch" is the incremental cost of running a gen­
erating unit . In general, "incremental cost" 
refers to the difference in costs being incurred 
when a unit is being run vs. the costs when it is 
not being run. Incremental costs do not in­
clude, for example , fixed capital costs, O&M 
costs (such as wages and salaries of people 
who are needed whether or not a generating 
unit is run) or fixed fuel transportation costs. In 
the case of most generating units, fuel costs 
make up the overwhelming share of incremen­
tal costs. This explains why hydro and nuclear 
units tend to be dispatched ahead of fossil­
fueled plants. The incremental cost of running 
a fossil-fueled plant often changes from day to 
day as fuel prices change. Generally; demand 
charges associated with natural gas would not 
be a part of incremental costs if they must be 
paid whether or not a gas-fired generating unit 
is being run to produce electricity. 

Adequacy of Future Gas Supplies and 
Concern that Gas Prices Will Rise 
More Rapidly than Coal Prices 

Despite market and technology develop­
ments and regulatory changes of the past 1 0  
years, and recent information about the nation's 
natural gas reserve base and availability of im­
ports, some potential electric generator users 
of gas are concerned that gas may not be avail­
able on a long-term basis for use in electric 
generation and/or that its price will increase 

more rapidly than coal prices. These concerns 
are the result of such developments as: 

• Emphasis in the 1 97 0s on reserve-to­
production ratios as an indicator of po­
tential future gas availability 

• Federal government policies of the late 
1 970s and the Powerplant and Industrial 
Fuel Use Act of 1 978 that restricted gas 
use in existing generating facilities and 
virtually prohibited building new gas-fired 
generating facilities 

• Statements and forecasts made from a va­
riety of sources that have suggested that 
gas demand would incre as e ,  supply 
would tighten, and prices would likely in­
crease sharply in the mid- 1 990s 

• Media attention focused on the decline 
from the 1 98 1  peak in oil and gas ex­
ploratory drilling activity 

• Actions in gas producing states to extend 
the role of "prorationing: ·  which gives the 
appearance of cartel-like attempts to re­
strict production as a way of increasing 
prices. 

Focus Group reports suggest that some 
LDCs and regulators are also concerned that 
significant increases in gas demand for electric 
generation may jeopardize supplies or con­
tribute to price increases for residential and 
commercial customers who do not have readily 
available alternatives. Concerns such as these 
impede decisions to rely more on gas for elec­
tric generation. 

Evaluation of Concerns About Future 
Gas Supplies and Prices 

The NPC concludes that the electric gen­
eration industry should take considerable com­
fort with respect to the adequacy of future gas 
supplies from a variety of regulatory and mar­
ket developments during the past 1 0  years, in­
cluding: 

• The demonstrated ability; during the past 
1 5  years of the gas producing industry to 
maintain reserve to production ratios of 9 
or more to 1 ,  despite increased gas con­
sumption and decreased drilling activities 

• The technological advances in exploration 
and production 
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• The availability of competitively priced 
imported gas, primarily from Canada 

• The findings of the Source and Supply 
Task Group concerning the U.S. natural 
gas resource base and productive capa­
bility. (See Volume II,  which reports on 
the work of the Source and Supply Task 
Group.) 

The NPC also concludes that concerns that nat­
ural gas will not continue to be priced competi­
tively are misplaced. Natural gas markets are 
likely to continue being functioning, competi­
tive commodity markets. Forces at work to 
keep gas prices in line with competing energy 
sources include: 

• Direct competition with other gas in end­
use markets (i .e . ,  gas-on-gas competi­
tion) . 

• Pipeline-on-pipeline competition in re­
gions served by two or more pipelines. 

• Competition among LDCs and among end 
users with pipeline capacity or supplies 
excess to their needs if capacity reassign­
ment measures work effectively and if 
pipelines allow LDCs and end users deliv­
ery point flexibility. 

• Competition at the point of energy con­
sumption with other energy sources and 
with conservation-as noted earlier. IS  

• Future gas prices will be affected by the 
supply and demand for gas and the sup­
ply. demand, and price of competing en­
ergy sources. 

• Gas prices at the burnertip are effectively 
constrained by competition for markets in 
which end users have the capability to: 

- Switch among fuels (e.g. , industrial and 
electric generation facilities that can 
switch among natural gas, oil, and/or 
coal) to get the lowest price, or 

· 

IS The relationship of delivered prices for ftlels is 
an important (but not necessarily the controlling) factor in 
energy choices made by users. Other factors vary 
widely among energy users but generally include capital 
cost tradeoff's, site specific considerations such as avail­
ability and cost of transportation, public and political ac­
ceptance, regulatory requirements, and perceptions of 
fUture mel availability and prices. 

. 
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- Dispatch electric generating facilities 
that have the lowest increment al 
(largely fuel) costs. 

In effect this means that delivered cost of 
gas to an end user is often constrained 
by marginal costs of competing fuels in 
the electric generation and industrial 
sectors. 

• Gas for industrial and electric generation 
markets must be price competitive. Buy­
ers for these organizations are sophisti­
cated and effe.¢ve in creating and taking 
advantage of competition among energy 
sources and fuel suppliers. 

• While natural gas may have environmental 
advantages over other fossil energy 
sources, those advantages are taken into 
account in the price that gas can com­
mand in competitive markets. Gas does 
not get an additional premium because of 
environmental or other advantages .  
(However, some states have proposed 
"environmental externality" requirements 
that would give an advantage to gas over 
other fossil fuels.) 

• The emergence of an active gas futures 
market, together with changes underway 
in regulation of gas transportation, have 
added and will continue to add "trans­
parency" to the gas prices. 

• The emergence of futures markets has 
also provided a way for producers, mar­
keters , LDCs, and end users to reduce 
price risks . 

Adequacy of Pipeline Capacity and 
Market Area Storage 

In some regions, absent or inadequate 
pipeline capacity has been a major deterrent 
to increased gas use. Building of interconnec­
tions, and expansion of capacity into California 
and the Northeast appears to have relieved 
many concerns about pipeline capacity into 
major using areas. Major growth areas, such as 
Florida, appear to need additional capacity and 
more may be needed in the Northeast if sub­
stantial new gas-fired electric generating ca­
pacity is constructed, existing units repowered, 
or gas-burning capability is added to existing 
units. 



Additional market area storage is being 
constructed in some regions, though the North­
east (and particularly New England) has little 
or no storage because of high costs and physi­
cal limitations (geology) on availability of ac­
ceptable sites. 

The Demand and Distribution Task Group 
notes that the Transmission and Storage Task 
Group has addressed these issues in detail and 
concluded that construction of  additional 
pipeline capacity and storage is well within the 
fmancial capability of the industry: (See Vol­
ume N for the fmdings of the Transmission and 
Storage Task Group.) 

Questions do remain as to the availability 
of suitable sites for market area storage in some 
regions and the cost and allocation of cost for 
both existing and new pipeline capacity, a topic 
that is discussed in more detail below. 

Potential for Short-Term Interruptions 
in the Delivery of Gas Supplies at 
Point of Use 

Some potential electric generators are 
concerned about unexpected short-term inter­
ruption of gas supplies. More specifically the 
concerns are directed towards: 

• Unexpected interruptions of gas supplies 
or transportation service (including firm 
service) due to unplanned outages of 
pipelines or compressors , and to well 
freeze-ups and 

• Government (regulator) actions that may 
direct that available gas supplies,  even 
when firm transportation has been con­
tracted for, be reserved for core residen­
tial and commercial customers, for exam­
ple , during periods of extremely cold 
weather. 

These concerns about the potential for 
short-term interruptions or curtailments ap­
pear to come from: 

• Memories of curtailments in the late 1 970s 
(even though those were due to distor­
tions introduced by wellhead price regu­
lation) and in December 1 989 (due to pro­
longed cold weather) and 

• Perceptions that existing regulations re­
quire that core customers have priority for 

gas service when some users must be de­
nied service. 

The potential for interruption of gas deliv­
eries makes it necessary to have an alternative 
fuel burning capability as a back-up. This in­
creases costs. 

Representatives of the electric generation 
industry have also expresseq the view that the 
gas pipeline and l.DC-owned systems do not 
seem to have: 

• As much "redundancy" (to protect against 
interruptions) as is typical among electric 
utilities or 

• As complete inter-company coordination 
of operational and contingency planning 
as is typical in the electric utility industry: 

The gas pipeline segment of the gas in­
dustry points out that it has recognized the con­
cern over curtailments and has acted to in­
crease reliability through the construction of 
additional pipeline capacity, pipeline intercon­
nections, and gas storage facilities. The De­
mand and Distribution Task Group notes that 
the Transmission and Storage Task Group has 
given considerable attention to reliability is­
sues. (See Volume N.) 

Ability of Gas Pipelines and LDCs to 
Deliver Gas in the Volumes, Pres­
sures, and Sharp Changes in Volumes 
Required for Newer Generating Units 

Representatives of the electric generation 
industry have expressed the view that 
pipelines and l.DCs in some regions, even with 
storage, line pack, and available compressor 
capacity, would need to upgrade pipeline sys­
tems significantly in order to meet electric gen­
erators' requirements. Peaking and combined­
cycle generating units with gas turbines often 
require high gas pressures (350 pounds per 
square inch or above) and large volumes of 
gas, and must start up and shut down with little 
or no notice. 

Such requirements are understood and 
routinely satisfied in regions with experience in 
using gas for electric generation. However, the 
concerns remain in other regions with less ex­
perience with gas use where there may be op­
portunities to increase the use of gas to gener­
ate electricity: 

10 1  



The Electric Power Research Institute 
(EPRI) recently issued a report based on the 
work of a team that has been studying the is­
sue. l6 (The study team had an advisory com­
mittee consisting of representatives from elec­
tric utilities, independent power producers, 
local gas distribution companies ,  and gas 
pipelines.) 

In addition: 

• A study of similar issues is underway in 
New York state in the form of a coopera­
tive effort between the New York Power 
Pool and the New York Gas Group. l7 

• A study and analysis effort is underway in 
New England involving electric genera­
tors now using or planning to use signifi­
cant quantities of gas, LDCs, pipelines 
serving the region, and the New England 

16 Natural Gas for Electric Generation: The Chal­
lenge of Gas and Electric Industry Coordination, Final Re­
port, September 1992 , prepared for the Electric Power 
Research Institute. Principal investigators were W. R. 
Hughes , Charles River Associates Incorporated; S. 
Thumb and J. Stamberg, Energy Ventures Analysis Incor­
porated; andJ. Jensen, Jensen Associates Incorporated. 

17 Reliability of Gas Supply for Electric Generation, 
Phase /-Steady State Conditions, Draft of October 4, 
1991 , New York Power Pool and New York Gas Group. 

Power Pool (NEPOOL) . This effort is be­
ing supported fmancially by the EPRI. IB 
From an operational point of view, this is-

sue has several important aspects: 

Limited experience with using gas in 
electric gen eration in some regions. As 
shown in Table 5-6, six states have accounted 
for the overwhelming share of gas use by elec­
tric utilities. Other states have had limited ex­
perience with use of gas in electric generation 
and, where it was used, it was often on an inter­
ruptible basis. 

High gas pressure requirements. Gas 
turbines ,  used for peak electric generation, 
and gas turbines used in combination with 
waste he at boilers and ste am turbines in 
combined-cycle configurations have relatively 
high gas pressure requirements. Specifically; 
according to the EPRI report: l9 

• Combined and simple cycle gas turbines 
may require pressures of 400 pounds per 

18 The Electric Power Research Institute is provid­
ing consultant assistance from Energy Ventures Analysis, 
Charles River Associates, and Jensen Associates. 

19 Natural Gas for Electric Generation: The Chal­
lenge of Gas and Electric Industry Coordination, op. cit. , 
pp. 3-3, 4-4, and 4-5. 

TABLE �-6 

GAS USE BY ELECTRIC UTILITIES 

1 985 1 990 
State Quantity (BCF) % of U.S. Total Quantity (BCF) % of U.S. Total 

Texas 1 , 1 98 39.3% 1 ,007 36.2% 
Louisiana 285 9.4% 269 9.7% 
California 666 21 .9% 456 1 6.4% 
Oklahoma 201 6.6% 1 69 6.1 % 
New York 1 73 5.7% 223 8.0% 
Florida 1 66 5.4% 1 88 6.8% 

Subtotal 2,688 88.3% 2,31 3 83.0% 

All others 356 1 1 .7% 473 1 7.0% 

Total 3,044 1 00.0% 2,786 1 00.0% 

SOURCE: U.S. Energy Information Administration, Natura/ Gas Annua/ 1990, Volume 2, DOE/EIA-0131 (90)12, 
December 1 991 , Table 1 5  (pages 1 79 and 1 89). 
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square inch (psi) and above, compared to 
1 00 psi and below for steam-electric units 

• These requirements have implications for: 

- The design of pipelines and generating 
facilities 

- Locations selected for generating facili­
ties ; e . g . , capability of an existing 
pipeline to serve the projected load, in­
cluding other customers that are or 
would be served. 

Short start-up times for some facilities. 
According to the EPRI report , "Modern com­
bustion turbines can ramp up from start to full 
capacity in about 1 0 to 20 minutes and ramp 
down just as quickly."20 Steam electric units 
have much longer ramp up times and lower 
pressure requirements, though steam electric 
units maintained in "spinning reserve" (i.e . , 
unit is hot and connected to the grid but not 
taking load) " .  . . can increase cutout . . . and 
reach full capacity in 2 to 4 hours: •2 f 

Large quantities of gas required com­
pared to existing loads. The quantity of gas 
needed by large industricil and electric gener­
ating facilities may be very large compared to 
the total capacity of the pipeline or LDC provid­
ing the gas to the facility. For example , the 
EPRI report points out the following compar­
isons (approximate) of daily equivalent peak 
LDC and generating plant gas loads:22 

Typical 36" pipel ine 

Million 
Cubic Feet 

per Day 

Washington Gas Light Company 
Typical 1 6" pipel ine 

800 
550 
1 50 

Brayton Point (MA) 430 mw gas 
conversion 

Providence Gas Co. (serving 
Providence, Rl) 

Ocean State Power 470 mw 
combined cycle 

Typical 1 2" pipel ine 

20 Ibid, page 3-3. 

2 l lbid, page 3-6. 

22 1bid, pages 2-9 and 2-10. 

1 20 

1 00 

1 00 
90 

Wide fluctuation and quick changes in 
amount of gas needed. In addition to the high 
pressures and large quantities of gas required 
for electric generation, such uses are likely to 
require sharp changes and wide fluctuations in 
the quantity of gas taken at any time. Gas-fired 
generating units may be used in: 

• Base load genemtion-which typically op­
erates a large share of the time. 

• In termedia te or "cycling" load 
genezation-which typically operates dur­
ing heavy demand periods of the day and 
week (perhaps from 8 a.m. to 4:30 p.m. on 
work days, depending upon the tempera­
ture and the air conditioning load) . 

• Peak load genera tion-which operates 
only at times of high demand, perhaps 
running for only the equivalent of 4 days 
per year. 

Typically, electric generating units are 
started up and shut down (dispatched) as the 
demand for electricity dictates. Often the dis­
patching is computer controlled ,  with the 
choice of unit based on the incremental cost of 
running the unit ("economic dispatch") . The 
principal element of incremental cost is incre­
mental fuel cost. 

The important point is that gas-fired gen­
erating units-and, therefore, the quantities of 
natural gas required-vary widely from hour to 
hour, day to day, work day to weekend, season 
of the year. Furthermore, the extent to which a 
gas-fired generating unit will be called upon to 
produce electricity depends upon other units 
available-which varies from time to time be­
cause of both planned and unplanned outages. 

In short, the quantity of gas required can 
be "0" at one minute and, depending upon the 
type and size of the gas-fired unit , at a rate of 
1 00 million cubic feet of gas per day a short 
time later! In addition to their own needs, elec­
tric generators are concerned that gas service 
to residential and commercial customers might 
be impaired if pipeline facilities are not ade­
quate to provide the volumes, pressures, and 
variability in volumes that are needed for the 
generating units, while also serving core gas 
customers. 

Arran gem e n ts for c oordin a tin g th e 
planning and dispatch of pipelin es trans­
portation. The electric generating industry, 
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in many regions, is characterized by "power 
pools." Under power pool arrangements, all 
dispatchable electric generation is put under 
the operational control of a dispatching cen­
ter controlled by the power pool-not the 
company owning the generating equipment. 

In general , the lowest incremental cost 
generating units are run first-so that customer 
costs are kept down. Savings from such pool­
managed economic disp atch of generating 
units are shared among the customers of the 
utility(ies) owning the generating units that are 
dispatched and the utility(ies) needing the 
electricity: This arrangement helps to keep 
costs down because individual utilities do not 
need to maintain back-up service for all their 
own customers. 

Representatives of the electric generation 
industry have noted that there appear to be no 
comparable arrangements among natural gas 
pipeline companies for coordinated "dispatch­
ing" of pipeline capacity with the objective of 
reducing costs for customers. 

Gas and electric industry coordination in 
regions not accustomed to using large quanti­
ties of gas for electric generation. In six states 
where gas has long been used in electric gen­
eration, arrangements have been worked out to 
handle operational coordination-including the 
wide swings in quantities of gas required, sud­
den changes and pressure requirements .  
Areas served by a combination utility having 
responsibility for providing both gas and elec­
tricity appear able to handle the needed coor­
dination. In other cases, close coordination be­
tween gas and electric industries have handled 
the operational coordination. 

Other than the analysis and coordination 
efforts cited earlier, work does not appear to 
be underway to assure that increased use of 
gas in electric generation in other regions with 
less experience in using gas for electric gener­
ation can be handled without jeopardizing ser­
vice reliability: 

Importance of Gas Transportation and 
the Cost of Gas Transportation 

Pipeline transportation costs are a major 
portion of the total delivered cost of natural gas 
in many regions of the country: As indicated 
earlier, delivered cost of fuels-not just the 
wellhead or mine-mouth cost of fuel-are the 
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important consideration for electric generat0rs 
making choices among energy sources. Deliv­
ered fuel costs-i.e . , for coal vs. natural gas 
and oil-are a particularly important consider­
ation when a decision is being made to con­
struct at a new site,23 a new base, or intermedi­
ate load electric generating unit; add natural 
gas burning capability at an existing facility­
for fuel flexibility or environmental compliance 
reasons; or repower an existing facility: 

Current pipeline transportation costs and 
the perception that such costs may be signifi­
cantly higher in the future can have a retarding 
effect on the potential for increased natural gas 
use in at least several ways: 

Demand charges. Obtaining firm gas 
pipeline transportation service for IDCs, elec­
tric generators , or industrial users often re­
quires signing long-term contracts with a com­
mitment to pay demand charges for a 1 5  or 20 
year period, whether or not gas is used up to 
the volume covered by the demand charges. 
While this is a perfectly reasonable way to as­
sure that financing is available to pay for ex­
panded transportation capacity; the existence 
of demand charges tends to cause concerns 
among electric generators in three ways: 

• High fixed commitment. Demand charges 
represent a fixed commitment over a long 
period, well beyond any reliable projec­
tions of future energy market conditions 
and prices. In addition, rating agencies 
are showing increasing tendencies to con­
sider long term contracts as liabilities to 
be taken into account in setting bond rat­
ings. Thus, demand charges constitute a 
long-term risk that must be taken into ac­
count. 

• Potentially high unit cost when load factors 
are low. The cost of the demand charge 
per unit of natural gas actually used can 
be high if the effective load factor (i.e . ,  to­
tal share of contracted capacity that is rep­
resented by actual throughput) is low. 
This can occur easily in electric genera­
tion, where the quantities of gas needed is 
highly variable. 

23As explained earlier in this chapter, considera­
tions are cti1Jerent when an option is available to build a 
new generating unit at an existing site. 



• Straight fixed variable (SFV) rate design. 
Concerns about demand charges tend to 
be greater in the case when rates are 
based on straight flxed variable rate de­
sign (as opposed to modified fixed vari­
able) because a larger share of total costs 
is reflected in the demand charges, exac­
erbating the concerns listed above. 

Distance li'om pipelines and storage that 
can provide quantities, pressures and variabil­
ity needed. The cost of gas transportation will 
continue to depend heavily on the cost of build­
ing or upgrading the capacity to get gas to the 
end user's facility. Distance, terrain, environ­
mentally sensitive areas (e.g. , wetlands) , histor­
ically important locations (e.g. , archeological · 
sites) , and availability of or potential for storage 
near the end user's facility are, therefore, im­
portant considerations. 

Potential for unexpected increases in gas 
transportation costs after investment commit­
ments have been made for facilities that use 
gas. Some electric generators are concerned 
that gas transportation costs will increase sig­
nificantly and unexpectedly after they have 
made substantial capital investments on the ba­
sis of lower expected transportation costs. Ex­
amples of this concern include: 

• Incremental vs. rolled-in rates. The PERC's 
decision to approve incremental rates for 
pipeline transportation after the prospec­
tive gas user had made a substantial capi­
tal investment on the basis of an earlier 
PERC decision that transportation rates 
would be based on rolled-in costs. 

• Costs and charges resulting from ''Restruc­
turing" under Order 636. The policy ob­
jectives of FERC Order 636 are generally 
perceived as contributing to competition 
in the gas industry and thus are regarded 
favorably by electric generators. How­
ever, some pending restructuring propos­
als have created concerns and added un­
certainty about gas transportation costs. 
Proposals causing concern include those 
dealing with: 

- Allocation of "transition" costs (e .g. , 
whether such costs would be allocated 
to new users of gas for electric gener­
ation) 

- Restrictions on receipt and delivery 
points that would make it difficult for 
electric generators to manage their gas 
supplies and transportation capacity 

- Tight tolerances and high penalties for 
variations in the volumes of gas used 
(electric generators have wide varia­
tions) 

- Imbalance penalties 

- Restrictions on the availability of sec-
ondary markets that reduce the ability 
of electric generators to sell gas sup­
plies and/or transportation capacity to 
others when not needed because gen­
erating units are not running (an imp or­
tant need in order to help maintain high 
load factors and hold down unit cost of 
gas actually used) 

- Allocation of storage capacity among 
customers. 

• Other rate increases and design changes. 
Rate increases due to actual costs of ca­
pacity exp ansion exceeding pipeline 
companies' estimates, the reallocation of 
pipeline or LDC costs from one customer 
class to another-to either reduce or in­
crease the amount of cross-subsidies. 

Poten tial for cross-subsidies. While 
FERC restructuring efforts are designed to in­
cre ase comp etit ion ,  some portion of  the 
pipeline delivery of gas for electric generation 
and, possibly; storage (if any) will remain a nat­
ural monopoly and be subject to regulation. 
Where such situations exist , some electric gen­
erators are concerned that LD Cs ,  gas 
pipelines, or agencies regulating LDCs and 
pipelines may conclude that the large users, 
such as electric generators, should pick up a 
larger than proportionate share of the costs, in 
order to provide a cross-subsidy to "core" resi­
dential and commercial customers. Core cus­
tomers and regulatory commissions may be 
concerned that cross-subsidies will flow in the 
opposite direction. 

Burden of the long-term obligation to 
monitor pipeline and IDC rate cases. Since 
transportation rates and terms of contracts for 
transportation service can be changed by regu­
latory decisions (change in regulatory policy or 
regulatory agency approvals of pipeline pro­
posals for changes in rates) , electric generators 
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must be prepared to take on the responsibility 
to monitor rate and regulatory proceedings af­
fecting pipelines transporting the gas they use . 
There is no directly comparable requirement in 
the case of other energy sources. 

Complexity of Buying and Transport­
ing Gas Compared to Other Fuels 

Except for those with extensive experi­
ence, electric generators seeking to use gas 
have indicated that arranging gas supplies and 
transportation and administering those ar­
rangements is far more complex than arrang­
ing comparable quantities of coal or oil. The 
Transmission and Storage Task Group is aware 
of this problem and addresses it in Volume rv: 

Gas Supply Contract Terms and 
Conditions 

Perceptions have existed in some organi­
zations (government and private sector) that 
long-term contracts are essential to increased 
use of gas in electric generation. The NPC has 
found that interest in long-term contracts varies 
widely among existing and potential electric 
generation users of gas, and that electric gen­
erators have strong interests in gas supply con­
tract terms and conditions other than or in ad­
dition to length of contract. These include: 

• Pricing terms and the basis for and fre­
quency of price adjustments as markets 
for gas and competing fuels change 

• Security of supply offered by the producer 
or marketer 

• Willingness of the supplier to agree to 
variations in the amount of gas taken 
(which depends upon generating unit 
availability and need for its capacity which 
will vary according to electricity demand). 

Due to these concerns, some electric gen-
erators (and their regulators) may prefer short­
term contracts or spot purchases that track mar­
ket-based prices, as discussed below. 

Widely differing interests in long-term 
gas contracts. Views and interests in long-term 
contracts depend upon one 's experiences,  
needs, responsibilities, and perceptions of fu­
ture energy markets. The following examples 
help illustrate the point. 
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• Independent power producers often seek 
long-term fuel and transportation con­
tracts because they often use project fi­
nancing and the financial institution in­
volved in the detail insists that the 
developer have a fuel supply contract in 
place that matches or comes close to the 
period covered by the financing. 

The IPP's views as to other terms of the 
contract (e.g. , pricing) will depend heavily 
on terms of the power supply contract, i.e. , 
the contract covering the sale of the power 
to an electric utility. The price paid for the 
electricity may; under some contracts, be 
tied to a utility's avoided cost or, more re­
cently; indexed to some measure of the 
utility's fuel cost. 

• Traditional electric utilities may or may not 
be interested in a long-term contract . 
The views will depend upon experience, 
future market expectations, and tolerance 
for risk. Electric utilities are responsible 
to their customers for procuring fuel at 
the lowest possible cost and their actions 
are subject to regulatory review on a 
post-audit basis, often long after the fuel 
has been used. Fuel costs that are found 
to be imprudent have to be refunded to 
customers-with the costs  borne by 
shareholders. 

Views about desirable contract length dif­
fer among traditional electric utilities. For 
example: 

- An electric utility that once held a long­
term coal contract with automatic price 
escalation, or prices indexed to miners' 
wage levels, or perhaps certain other 
mining costs probably found that the re­
sulting price rose far above market 
prices. This utility may be leery of any 
long-term contracts with automatic 
price escalation. 

- An electric utility that believes energy 
supplies are likely to be plentiful in the 
future--with substantial interfuel com­
petition-may conclude that long-term 
contracts are not a good way of keeping 
fuel prices in line with current markets 
unless the price is periodically adjusted 
to market. Such a utility may prefer all 
short-term contracts or a portfolio of 



short-, medium-, and long-term con­
tracts and spot purchases. 

- An electric utility concerned about fu­
ture supplies may conclude that it is re­
ducing risk by committing to a long­
term contract. 

- In some cases, external factors may 
dictate the need for a long-term con­
tract. For example, utilities depending 
upon Canadian gas supplies for all or a 
part of their needs found that: 

- They had to have long-term contracts 
( 1 5-20 years) to satisfy the require­
ments of the Canadian National En­
ergy Board (NEB) when the Board 
was considering capacity expansion 
on the TransCanada PipeLine Sys­
tem. The NEB did not approve ca­
pacity expansion unless reserves 
were identified for the duration of the 
finn transportation contract. 

- Provincial governments in Canada 
sometimes require that contracts be 
backed up with specifically identified 
proved reserves. 

- Canadian producers were willing to 
commit reserves for long-term con­
tracts-in part because the reserves 
tended to be long-lived reserves. 

- An electric utility may place high value 
on long-term relationships with particu­
lar suppliers that provide fuel meeting 
particular needs of the utility's generat­
ing units or provide flexibility in quan­
tity of fuel that must be taken. 

- An electric utility may or may not place 
high value on transaction costs. That is: 

- A utility may prefer a long-term con­
tract to avoid the need to repeat the 
bidding, proposal, contractor selec­
tion, contract negotiation process 

A utility may conclude that its cost of 
paying the people needed to play 
short-term and spot markets is more 
than offset by the savings achieved in 
obtaining fuel at costs below those 
paid under mid- or long-term con­
tracts. 

• State regulators and the Federal Energy 
Regulatory Commission generally have a 

strong interest in ensuring that regulated 
utilities procure fuel at the lowest deliv­
ered cost . Many of them have seen long­
term contracts ,  p articularly those with 
fixed escalators, result in prices that rose 
well above market levels. This has led 
some regulators to prefer spot purchasing, 
short-term contracts, and contracts that 
are indexed to competing fuel prices. 

Long-term contracts are becoming much 
more Dexible. Many modern "long-term" con­
tracts may have 1 5  or 20 year terms but have 
pricing and renegotiation terms that make 
them more flexible than older long-term fuel 
supply contracts. Typical contract provisions 
might include: 

• Prices indexed to the purchasing organi­
zation's cost for other fuels. 

• Right for either party to call for renegotia­
tion if prices under the contract deviate by 
some agreed-upon amount from prevail­
ing markets, and, if renegotiation does not 
result in agreement, the contract may be 
terminated or submitted to binding arbi­
tration. 

Such contract terms have the advantage of 
maintaining long-term relationships while 
recognizing that future market prices are 
impossible to predict. 

Indexed contract prices: Both the start­
ing price and the index are important. Those 
who have experience with indexed prices in 
fuel contracts recognize that both the starting 
point and the index are important. A contract 
with an indexed price may provide little protec­
tion to either the buyer or seller if: 

• The index is used merely as a measure of 
change rather than a way to tie contract 
prices to market prices and 

• The starting price is not tied to a current 
market price. 

Other important contract terms. A vari­
ety of other contract terms are also important to 
the electric generation industry. These in­
clude: 

• Ability to vary the amount of gas taken 
during a particular period. This is impor­
tant because generating units, other than 
base load, have highly variable periods of 
operation. Also, base load plants may not 
operate because of either scheduled or 
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unscheduled maintenance and downtime. 
Such variations are particularly trouble­
some if storage is not available near the 
users '  facilities and/or "balancing ser­
vices" are not available to the user at 
costs that keep the use of gas competitive 
with other energy sources. 

• Flexibility in terms of where gas may be 
delivered to a pipeline-in order to tie to 
gas transportation contracts. 

• Right to sell gas to a third party if the gas 
is not needed and the purchaser is com­
mitted to demand charges. 

• Avoiding "reservation" fees. 

Impact of FERC Order 636. Some in the 
gas producing and transporting industry ap­
pear to have a strong preference for long-term 
gas contracts. Order 636, however, if it is im­
plemented in a way that achieves the PERC's 
stated policy objectives, should result in a more 
competitive gas transportation market. Electric 
generators may be less interested in long-term 
contract commitments if they are convinced 
that there will be a competitive gas transporta­
tion market. 

Subsidies for Other ·Fuels 

The federal government and some state 
governments have adopted measures that sub­
sidize energy sources that compete with natu­
ral gas and thus tend to hold down demand. 
These include: 

• Tax reductions for electric utilities using 
indigenous coal supplies (e.g. , a $3 per 
ton tax credit in Virginia) 

• Statutes, regulatory requirements and po­
litical pressure encouraging electric utili­
ties to install scrubbers so that they can 
continue to use indigenous coal-rather 
than switching to natural gas or to a low­
sulfur coal imported from another state 

• Sale of power from federally constructed 
hydroelectric facilities at less than full cost 

• Federal and/or state subsidies for electric­
ity via tax exemptions, loan guarantees, 
loans at below market interest rates, fi­
nancing via the federal financing bank, 
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· and/or favorable repayment terms-which 
are available to Federal Power Marketing 

Agencies, rural electric cooperatives,  
and/or public power groups 

• Subsidies provided by at least one Fed­
eral Power Marketing Agency to persons 
who construct energy efficient, electrically 
heated homes-which gives this organiza­
tion's electricity sales a competitive ad­
vantage over gas and has the potential for 
increasing peak electricity demand 

• Federal research and development fund­
ing for coal and nuclear energy projects 

• Federal subsidies for cleaning up uranium 
wastes (mill tailings) and other nuclear en­
ergy wastes associated with commercial 
nuclear power projects. 

Renewable Set-Asides 

At least two states, California and Wis­
consin, have adopted requirements that elec­
tric utilities obtain some portion of their incre­
mental energy requirements from renewable 
energy sources. Such requirements tend to 
reduce potential demand for natural gas, 
which would otherwise have a good chance of 
competing because of the advantages cited 
earlier. 

RECOMMENDATIONS FOR DEAL­
ING WITH CHALLENGES THAT 
MUST BE FACED llS THE ROLE OF 
GAS IN ELECTRIC GENERATION 
INCREASES 

Previous sections of this chapter identify 
opportunities for increased use of natural gas 
in electric generation, indicate · that aggressive 
action will be needed by organizations in the 
gas industry to capture market opportunities, 
and describe challenges that must be over­
come in order to take advantage of the oppor­
tunities. 

The NPC has identified many challenges 
to increased use of gas in electric generation, 
but it has concluded that actions already under­
way and others being recommended will be 
successful in assuring that gas will play a 
steadily growing role in supplying energy to 
generate electricity. In summary; the important 
challenges identified include: 

• Competition from other energy sources 



• Strong need to understand factors affect­
ing electric generators '  fuel needs and 
fuel choices-which vary widely among 
sites, applications, technologies, compa­
nies,  distances from pipelines ,  regions , 
and constraints resulting from current and 
future environmental protection require­
ments 

• Need to understand the differences be­
tween independent power producers and 
traditional electric utilities 

• Strong need to understand and respond to 
electric generators '  concerns, percep­
tions , and expectations , including the 
need to understand disadvantages of us­
ing gas-as perceived by potential cus­
tomers-as well as the advantages are al­
ready understood 

• Need to satisfy potential customers that 
the delivered cost of natural gas, including 
the cost of gas transportation, will con­
tinue to be competitive with other energy 
sources and with potential demand-side 
measures 

• Need to satisfy potential customers that 
supplies will be available when needed 
and that the delivered prices of gas will 
not become excessive compared to other 
energy sources after a capital investment 
has been made in a gas-fired generating 
facility.24 

This section lists and describes the rec­
ommendations for dealing with these chal­
lenges. Many of the recommendations are self­
evident and many flow from the findings of the 
focus groups and the task groups that organiza­
tions in the gas industry must become more 
customer oriented. This includes the need to : 

• Learn more about electric generators ' 
needs, perceptions, and expectations 

• Improve customer service-to include an 
attitude that "if you may be interested in 
using gas, we '11 help you find ways of us­
ing gas at lowest reasonable cost : '  

. 
24 c

.
oncem about future delivered prices becom­

mg excesSlve compared to other energy sources should 
not be a problem if the generator has a secure long-term 
contract that provides gas at a delivered price at the gen­
erator's facility that remains competitive with other en­
ergy sources for the life of the contract. 

The recommendations listed below are in 
five categories: 

• Those most appropriate for iridividual or­
ganizations in the gas indtistry-produc­
ers, marketers, pipelines, LDCs, etc.-rec­
ognizing that these organizations will be in 
competition for available markets 

• Those appropriate for industry-wide ac­
tion, including some in support of individ­
ual company actions 

• Those that require interaction and cooper­
ation with the electric generation industry 
(in many cases , these may be the most 
difficult because of competition between 
gas and electricity, between individual 
electric companies and LDCs at the local 
level) 

• Those that require action or participation 
by government agencies, particularly in­
cluding regulators (rate,  environmental, 
siting) at the state government level 

• Those requiring action by the electric 
generation industry. 

Recomm endations for Actions by 
Companies in the Gas Industry 

In the increasingly competitive environ­
ment of the gas industry; many of the actions 
needed are appropriate on an individual com­
pany basis. A discussion of such actions is 
shown below. 

Deepening Employee Understanding 
of the Electric Generation Industry 

Individuals engaged in planning, market­�g, and transporting for companies in the gas 
mdustry need an understanding of  electric 
generating companies at least as comprehen­
sive as their competitors. Thus, companies in 
the gas industry should develop ways of ex­
posing their planning and marketing staffs to: 

• Factors affecting fuel choice decisions in 
the electric generation industry; with par­
ticular attention to site-specific factors and 
wide variation among potential applica­
tions, companies ,  technologies ,  and re­
gions 

• Developments affecting the electric gen­
eration industry; with particular attention 

109 



to Integrated Resource Planning (IRP) and 
the demand-side measures resulting from 
IRP that may be less costly for electric 
customers than supply-side measures 

• Planning and decision-making processes 
in the electric generation industry 

• The workings of power pools and princi­
ples of economic dispatch 

• Electric generators' concerns and percep­
tions about the use of natural gas in elec­
tric generation, including all those de­
scribed in this chapter 

• Successful marketing approaches used by 
competitors when dealing with electric 
generators, including independent power 
producers and traditional electric utilities. 

Improving Responsiveness to 
Customers 

The matter of responsiveness to customer 
needs, perceptions, and expectations has been 
revealed by Focus Group and Task Group ac­
tivities as a major obstacle to increased gas 
use. This matter must , in the final analysis, be 
addressed primarily at the individual company 
level. 

Improving Competitiveness of Gas 
With Other Energy Sources 

As indicated earlier, it is expected that 
conservation will reduce the rate of growth in 
demand for electricity and that gas, despite its 
advantages, will face rigorous competition from 
other energy sources for electric generating 
markets. Individual companies will need to 
take a variety of actions to keep gas more at­
tractive than alternatives, including: 

• Finding new ways to keep gas price com­
petitive on a delivered cost basis (i.e. , in­
cluding both wellhead price and trans­
portation cost) , through action at all stages 
from exploration, through production, pro­
cessing, transportation, and contracting to 
point of use. 

• Identifying terms and conditions of sales 
and transportation arrangements that have 
value to particular customers in the elec­
tric generation industry (e .g. , pricing, 
length of contract, variability of takes, flex­
ibility of receipt and delivery points, inte-
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grated storage, and ability to reassign firm 
transportation capacity and resell gas sup­
plies when generating units are not run­
ning) , and develop proposals to meet 
such needs. 

Addressing Electric Generators' Con­
cerns, Perceptions, and Needs 

Price expectations. As indicated earlier, 
price expectations play an important role in in­
vestment decisions involving choices among 
energy sources. A decision maker's price ex­
pectations are likely to be formed on the basis 
of formal and informal information from a vari­
ety of government and private sources, includ­
ing statements by energy industry representa­
tives about future supplies  and prices .  
Executives in the gas industry should recog­
nize that their public statements about future 
supply; demand, and price conditions-regard­
less of the intended audience-may play a part 
in decisions made by potential gas users. 

Gas industry officials should: 

• Present balanced and realistic assess­
ments of the future outlook for natural gas 
supply and prices .  Recognize that 
alarmist statements about the state of the 
domestic producing industry and its abil­
ity to meet increased gas at competitive 
prices demand undermine potential cus­
tomers' confidence in using gas. 

• Be prepared to  demonstrate that gas 
prices are and will likely be, in the long 
run , competitive with other energy 
sources and conservation, after taking into 
account differences in capital and operat­
ing costs. 

Delivered price of fuel. Producers and 
transporters need to recognize that it is the de­
livered price of gas-including both wellhead 
and transportation-that affects investment de­
cisions and customers' bills and is the focus of 
electric utilities and their regulators when eval­
uating prudence of fuel procurement. 

Adequacy of future gas supplies. Poten­
tial gas users in the electric generation industry 
are concerned about the adequacy of future 
gas supplies and the stability of gas prices. 

The gas industry needs to recognize that 
continuation of these concerns are in the inter­
est of competitors. The industry needs to work 



to convince electric generators and regulators 
that future gas supplies will be adequate. Ac­
tions should include: 

• Actively publicizing information about: 

- New estimates of North American gas 
resource base , including information 
developed as a part of the NPC natural 
gas study 

- Improved ability to find and produce 
gas at lower cost than in the past (in­
cluding new technology) 

- Recent finding and replacement cost 
experience 

- Changed requirements with respect to 
reserve-to-production ratios. 

• Encouraging the Departments of Energy 
and the Interior to publicize recent infor­
mation about resources, reserves, and re­
placement costs. 

Industry officials need to be prepared to 
identify assumptions made in developing 
resource base , reserve and production 
cost estimates, and to respond to tough 
questions about the validity and reliability 
of those estimates and about supply/price 
trade-off estimates. 

In addition, gas industry officials may want , 
to encourage others to discontinue unwar­
ranted actions that work to undermine con­
fidence in future supplies and competitive­
ness of future prices , e .g. ,  projections of 
supply shortages, and prorationing propos­
als that are not essential to protect correla­
tive rights and for resource conservation. 

Potential for short-term supply interrup-
tions. As indicated earlier, some electric gen­
erators remain concerned about the potential 
for short-term interruptions of firm transporta­
tion and gas supplies in sustained periods of 
cold weather or unplanned pipeline and com­
pressor outages, or well freeze-ups. 

In various regions, pipeline companies 
serving the region should, in cooperatiort with 
appropriate producers ,  LDCs, and large end 
users of gas: 

• Inform electric generators of the actions 
that have been taken since December of 
1 989  t o  enhance storage and guard 
against well freeze-ups. 

• Undertake contingency planning, includ­
ing analysis of potential pipeline and sup­
ply disruptions under various emergency 
conditions. 

• Work with others in the region to establish 
continuing organizational arrangements to 
promote reliability plarming and coordination. 

Ability to provide volumes, pressures and 
variability. As indicated in earlier, electric 
generators in some regions are concerned 
about the ability of pipelines and LDCs to pro­
vide gas in the volumes, pressures and vari­
ability required for gas turbine peaking units 
and combined-cycle units . This matter must 
be addressed on a cooperative basis among 
elements of the gas and electric generating in­
dustries .  However ,  individual companies 
should: 

• Review the report on gas and electric util­
ity integration recently issued by EPRI 
(and the draft report prepared by the 
electric and gas companies in New York) 
and 

• Join in establishing regional groups that 
could: 

- Assemble information on an area or re­
gional basis on existing and planned 
use of gas for electric generation and 
on capability of existing and planned 
pipeline capacity to serve incremental 
electric generation markets and 

- Assist in determining whether prob­
lems described in the EPRI report now 
exist or are likely to exist as gas use is 
increased, particularly in areas without 
significant experience in gas use in 
electric generation. 

Importance of gas transportation costs. 
As indicated earlier, some potential electric 
generator users of natural gas are concerned 
about gas transportation costs-which costs 
may be the deciding factor in fuel choice deci­
sions. Concerns are due to the impact of trans­
portation costs in some regions and the poten­
tial for increases after c apit al investment 
commitments are made-particularly in non­
competitive markets.25 Pipeline companies 

25 Competitive transportation markets are helping 
to hold down transportation costs through cost control 
measures for firm transportation and discounts for inter­
ruptible transportation. 
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and LDCs will need to develop ways to hold 
down transportation costs and provide assur­
ances that costs will be competitive after capital 
investments are made in generating facilities. 

Restructuring proceedings. Transporta­
tion costs are particularly important because of 
the issues and uncertainties associated with 
PERC Order 636 restructuring proceedings. 
These include various cost allocation issues 
(including transition costs) , allocation of stor­
age, penalties for variation in gas volumes, lim­
itations on receipt and delivery points, ability to 
reassign firm transportation capacity and resell 
gas supplies when generating units are not 
running, and uncertainties as to how state regu­
latory commissions will handle their expanding 
responsibilities. 

Pipeline companies and LDCs need to 
be aware of the importance of the above is­
sues as they prepare and defend restructuring 
proposals. 

Complexity of buying and transporting 
gas. Companies in the gas industry need to 
recognize that gas has a competitive disadvan­
tage because of the difficulty of buying, trans­
porting, and storing it . More services will be 
needed to reduce that customer burden or ways 
found to shift it to entities in the gas industry. 

Recommendations for Industry­
Wide Action 

As indicated above, many of the findings 
by the NPC during this study focused on the 
needs for a better understanding of, and re­
sponsiveness to,  existing and potential cus­
tomers by organizations in the gas industry. 
Some of the actions can be taken on an industry­
wide basis. A discussion of potential actions is 
included below. 

Gas and Electric Industry 
Cooperation 

Leaders in the gas industry look upon the 
recent EPRI report on gas and electric industry 
integration as an opportunity to expand their 
dialogue with the electric generation industry 
on the full range of electric generators' con­
cerns about increased reliance on natural gas. 
Dialogue should include coverage of the issues 
covered by the EPRI report and open the way 
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for detailed discussion of  integration at the 
level of actual transactions. 

Regional Reliability Groups 

The gas industry should consider promot­
ing or encouraging the establishment of re­
gional groups to address reliability issues iden­
tified in this study as well as those identified by 
the Energy Council, the PERC/DOE Deliverabil­
ity Task Force, and others. 

Training Programs for Gas Industry 
Planners and Marketers 

Gas industry associations should consider 
establishing training programs to help provide 
company planners and marketers with basic in­
formation and understanding of the electric 
generation industry; i.e. : 

• Factors affecting fuel choice decisions in 
the electric generation industry. with par­
ticular attention to site-specific factors 

• Developments affecting the electric gen­
eration industry; with particular attention 
to Integrated Resource Planning 

• Planning and decision-making processes 
in the electric generation industry 

• The workings of power pools and princi­
ples of economic dispatch 

• Electric generators' concerns and percep­
tions about the use of natural gas in elec­
tric generation 

• Successful marketing approaches used by 
competitors when dealing with electric 
generators. 

Evaluation of Forecasts and 
Projections 

Planners and marketers in the gas indus­
try are faced with a variety of forecasts and 
projections of potential demand for gas in the 
electric generation industry: The forecasts are 
often based on widely differing assumptions 
and degrees of understanding of the electric 
generation industry. The Gas Research Insti­
tute (GRI) has already done considerable work 
for the gas industry to provide reliable fore­
casts but more could be done to assess spe­
cific projections (such as those compiled by 



the North American Electric Reliability Council, 
DOE, and Utility Data Institute) , and to identify 
aspects that should be understood better by 
gas industry planners and marketers who are 
attempting to use them in their activities. 

Inter-Industry Cooperation 
and Coordination-Gas and 
Electric Generation Industries 

The NPC believes that there is much to 
gain by closer cooperation between the gas 
and electric industries as well as among the 
participants in the gas industry: Those gains 
include increased competitiveness for gas with 
other energy sources and lower costs for both 
gas and electric customers. To achieve the 
needed cooperation, executives in both indus­
tries will need to look for and promote oppor­
tunities where gas use can be beneficial to 
companies in both industries and their cus­
tomers. 

Promotion of Communication Among 
Officials of the Gas and Electric Gen­
eration Industries 

Work on the NPC Natural Gas Study has 
revealed that there is a need for people in the 
gas and electric generation industries to im­
prove communication and understanding of 
each others '  concerns and points of view. 
Work is underway in each industry to deal with 
this obstacle,26 but more could be done. Lead­
ers in both industries should work to arrange 
opportunities for additional communication at 
all appropriate levels, including senior and mid­
level executives and their staffs · with responsi­
bilities: 

• For planning and power supply in electric 
generating comp anies and in power 
pools, and for generation planning and 

. fuel procurement in electric utilities and 

. • In the gas industry for planning and mar­
keting in producer, marketer, pipeline , 
and IDC organizations and for pipeline 
operations in pipeline companies. . 

This NPC report and the recent report by 
EPRI on the challenges of integrating the gas 

26 For example, efforts listed in Footnote 34. 

and electric industries provide a wealth of in­
formation that could be used to focus inter­
industry communications. 

Concerns About Adequacy of 
Volumes. Pressures. and Variabil­
ity in Delivering Gas for Electric 
Generation 

These concerns also  need to  be ad­
dressed on a cooperative basis among organi­
zations in the gas and electric generation in­
dustries .  In  are as without substantial 
experience with gas use in electric generation 
that are prospects for increased use , pipelines, 
LDCs, electric generators and other large vol­
ume end users, and representatives of power 
pools should: 

• Review the report on gas and electric util­
ity integration recently issued by EPRI 
(and the draft report prepared by the 
electric and gas companies in New York) , 
and join in establishing regional groups 
that could: 

- .Assemble information on an area or re­
gional basis on .existing and planned 
use of gas for electric generation and 

- Prepare a checklist and assist in deter­
mining whether problems areas de­
scribed in that report now exist or are 
likely to exist as gas use is increased, 
particularly in areas without significant 
experience in gas use in electric gen­
eration. 

• Where there are potential problems, lead­
ers of the gas and electric utility industries 
should encourage creation of coordinating 
groups (including Power Pool planners) to 
find solutions. 

Recommendations Requiring 
Action or Participation by Gov­
ernment Agencies 

While many of the challenges that must be 
addressed can be handled most effectively by 
organizations in the private sector, some will 
require action or participation by federal, state, 
or local government agencies. Actions needed 
include the following. ·  
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Optimizing the Use of Natural Gas 
and Back-up Fuels 

When electric generating units have the 
capability to use an alternative or back-up fuel, 
it should be possible to work out arrange­
ments, if pipeline capacity utilization rates are 
normally high, for sharing pipeline capacity 
and gas supplies between electric generators 
and LDCs that would minimize costs for both 
electric and gas customers and reduce adverse 
environmental impacts. 

The NPC recommends that organizations 
in the gas industry and/or public utility com­
missions take the lead in working out sharing 
arrangements that would increase and help 
levelize pipeline throughput. For example, an 
electric generator might be assured access to 
pipeline capacity and gas supplies on days 
when demand for gas is low, and the LDC 
would have access on cold days when gas de­
mand is high and the electric generator would 
burn its alternative or back-up fuel (often oil) . 
This increased use of natural gas could result in 
additional cost savings for both gas and elec­
tric customers. In addition to realizing savings 
from maximizing pipeline throughput , emis­
sions in electric utilities could be minimized by 
increasing the use of gas. 

Working out such arrangements would re­
quire the support of LDCs, pipelines, electric 
generators, power pools, public utility commis­
sions, environmental regulators, and environ­
mental, energy conservation, and consumer 
advocate organizations. 

Limitations on Use of Back-Up Fuels 

Optimized arrangements such as those 
outlined above are effectively prevented when 
electric generators are restricted in the use of 
back-up fuels, e .g. , to a certain number of 
days per year or only when gas is unavailable. 
Public utility commissions, environmental reg­
ulators, and siting boards should review re­
strictions on back-up fuels to  determine 
whether they are truly cost effective-consid­
ering customer costs, reliability, and environ­
mental impact. 

Transportation Costs 

PERC and state regulatory commissions 
should recognize concerns of potential gas 
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users about transportation costs-both the ab­
solute amounts and the potential for increases 
after investment decisions are made-and the 
impact of transportation cost on electric gener­
ators' fuel choice decisions, particularly as 
such costs and risks are affected by: 

• PERC Order 636 restructuring proceedings 

• Rolled-in vs. incremental rates 

• Costs of capacity expansions exceeding 
pipelines' estimates 

• Straight fixed variable rate design, which 
tends to increase the front-end commit-· 
ment that an electric generator must make 
for firm transportation capacity 

• Changes in regulations or rate design or 
other actions that have the effect of abro­
gating contracts between gas users and 
transporters or otherwise incre asing 
transportation costs 

. • State implementation of FERC Order 636 

• Concerns that electric generators , as 
large volume users, will be called upon to 
cross-subsidize core customers. 

Subsidies for Competing Fuels 

The Department of Energy should evalu­
ate subsidies being provided to competitors of 
natural gas and determine whether such subsi­
dies should be eliminated. 

Data on Planned Changes in Electric 
Generating Capacity 

The Energy Information Administration 
should consider increasing the data it collects 
and publishes on planned changes in electric 
generating capacity27 to include (in addition to 
planned new units) addition of capability to use 
an additional fuel, repowering, life extension, 
and availability improvements. Planned actions 
such as these may prove to be as important as 
planned new generation. Data should include 
a description of the capability and fuel use for 
units before changes and the expected capa­
bility and fuel use after changes are made. 

27 In the annual inventory of power plants. 



Improving Electric Generation 
Industry Understanding of the 
Potential for Using Gas 

As most gas use in electric generation has 
occurred in six states, many of the opportuni­
ties for increased use will be with electric gen­
erators that have not previously had experience 

·with gas use . EPRI and the EEl have under-
taken and are continuing some activities to in­
crease understanding of the potential for natu­
ral gas, but additional actions to familiarize 
individuals in the industry with natural gas 
should be undertaken. 

REGIONAL ANALYSES OF POTEN­
TIAL NATURAL GAS USE FOR 
ELECTRIC GENERATION 

The Demand and Distribution Thsk Group 
organized regional teams to analyze the poten­
tial for and obstacles to increased use of natural 
gas in each of the ten federal regions of the 
United States, and to prepare reports on their 
findings. The full reports of the regional teams 
have been published separately from the over­
all report. 

Each region team provided information on 
current and potential gas use for electric gen­
eration. The leader of each team has provided 
the following summaries of findings with re­
spect to electric generation. 

Region One: Massachusetts, Con­
necticut, Rhode Island, Maine, 
New Hampshire, and Vermont 

According to the Energy Information Ad­
ministration's "State Energy Data Report Con­
sumption estimates 1 960- 1 990," Region One, 
with 5 .2 percent of the U.S. population, pro­
duced only 3.8 percent of the nation's electric­
ity in 1 990. Natural gas accounted for only 6.6 
percent of New England's energy input at elec­
tric utilities,  while oil and coal accounted for 
27 .5 percent and 1 5.8 percent, respectively. 

Overall natural gas consumption in Region 
One has been growing at a rate of approxi­
mately 3 . 5  percent per year over the past 
decade, with the majority of this growth in the 
electric generation sector. Consumption by 
electric utilities increased at an average annual 
rate of 25.8 percent from 1 980- 1 990. 

Although natural gas sales in New Eng­
land have been growing over the past decade 
in contrast to declining sales in the overall U.S. 
over this period, New England still lags far be­
hind the rest of the United States in terms of 
market penetration for natural gas. Natural gas 
provided 1 4.7  percent of total primary energy 
in New England in 1 990 compared to 24. 1 per­
cent for the U.S. (excluding New England) . 

Both the traditional markets and the power 
generation market for natural gas are projected 
to continue to grow in New England during the 
next decade at a pace greater than the nation 
as a whole because of several factors including: 
the low starting point for the region's gas mar­
ket, the region's more stringent environmental 
legislation and regulation that favors natural 
gas, and competitive prices. Gas consumption 
in the electric generation sector has been fore­
cast to reach between 1 80 and 3 1 0  trillion BTU 
(TBTU) in the year 2000 , as compared with 
1 990 consumption of 69 .5  TBTU. Therefore, 
there is significant potential for growth in this 
market over the next decade. 

The growth in natural gas consumption 
that has taken place in New England to date 
has largely resulted from the availability of in­
creased gas supply and pipeline capacity addi­
tions that have occurred over the past 1 0  years. 
The region's LDCs were successful in develop­
ing "self-help" type natural gas supplies during 
the 1 980s with Boundary Gas, Alberta North­
east G as, and the conversion of the Portland 
Pipeline to natural gas. 

Region Two: New York and 
New Jersey 

In the electric utility generation sector, 
natural gas gained relatively little market share 
in Region Two over the two decades of the 
1 970s and 1 980s. Gas consumption for electric 
generation declined markedly in the mid- 1 970s 
and then regained its original market share 
during the 1 980s. Petroleum lost significant 
market share, however, with a decline from 41  
percent to 2 6  percent , and nuclear power 
gained 20 percent of the share of electric gen­
eration fuel consumption. 

The rest of  the United States showed 
substantial declines in the relative consump­
tion of natural gas within the electric genera­
tion sector. The national mark�t share of nat-
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ural gas in this sector dropped from 26.4 per­
cent in 1 970 to 9 .6  percent in 1 989 . Region 
Two has a high dependence upon oil for gen­
eration, 26 percent of market share in 1 989 
compared with 4 percent in rest of the United 
States. The rest of the United States is more 
heavily dependent upon coal for electric gen­
eration. In 1 989 ,  coal comprised 57 percent 
of the U.S. fuel consumption for electric gen­
eration: in Region Two coal accounted for 
only 1 9  percent of fuel consumption in the 
electric generation market. Even though Re­
gion Two still relied on oil to supply 26 per­
cent of its fuel for electric generation in 1 989 , 
it has significantly reduced this dependence 
in the past two decades and has increased 
the use of natural gas in this sector. In the 
rest of the United States, however, the market 
share of coal for the electric generation in­
creased from 46 percent to 57 percent from 
1 970 to 1 989 while relative natural gas con­
sumption declined. 

Due to competitive forces and growing 
environmental concerns, natural gas has be­
come an increasingly attractive fuel source op­
tion in recent years. Many electric utilities in 
Region Two have converted some of their oil­
fired generating units to natural gas or dual fuel 
capability, are building new gas-fired generat­
ing facilities, or are considering doing so. In 
addition, the majority of new non-utility gener­
ating units (NUGs) in the region are gas-frred. 
The most common problems and worries of 
these electric utilities and NUGs are related to 
natural gas availability, price fly-up, operational 
mismatches between electric plants and the 
current gas infrastructure, and regulatory un­
certainty. 

New York and New Jersey Gas Utilities 
forecast the consumption of natural gas for 
electric power generation to more than double 
from the 1 990 level of 288 TBTU to 735 TBTU by 
1 995 as natural gas frred NUGs come on-line. 
The electric generation level is projected de­
crease to 683 TBTU by 20 1 0 as older utility­
owned units are retired and replaced by more 
efficient gas units. The net effect of this process 
is uncertain. If all currently planned units come 
on-line as projected, by 1 995 the reserve mar­
gins of the electric utilities in Region Two will 
be very high. To compensate for the reduced 
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level of need and excess capacity in the mid-
1 990s, these electric utilities will build fewer 
new units than they retire in the following fifteen 
years. However, if electric demand side man­
agement (DSM) programs are not as effective 
as anticipated, natural gas consumption may 
continue to increase beyond 1 995 levels. 

Supply shortages and curtailments in the 
1 970s damaged the confidence of consumers 
in natural gas as a long-term energy source. 
Because of price uncertainty, conversions to 
dual fired units by some New York utilities were 
made on a required pay-back period of less 
than three years. Lack of coordinated supply 
and demand planning by pipelines and local 
distribution companies (LDCs) is also of con­
cern to the electric generation market. 

Finally; the remaining major regional un­
certainty is the regulatory climate over the next 
few years. The adoption of the Straight Fixed 
Variable (SFV) method of rate design in FERC 
Order 636 may have a negative effect on the 
growth of natural gas consumption by Region 
Two electric utilities. Since SFV allocates the 
majority of transportation costs to the fixed de­
mand charge, LDCs in Region Two, and conse­
quently their firm customers , are concerned 
that they will incur higher gas service costs, es­
pecially if the interruptible market demand is 
inadequate to provide the necessary cost off­
sets. Further, since the interruptible market is 
very sensitive to price, it may also be lost to al­
ternate fuel competition. All .of these factors are 
likely to encourage Region Two gas utilities and 
combination gas and electric companies to uti­
lize market area storage options over long-haul 
firm transportation because the price margins 
between gas and residual fuel may be too un­
certain for making twenty-year firm transporta­
tion commitments. Under Order 636, Region 
Two LDCs will have increased exposure to 
fixed payments, and may be forced to pass on 
such a rate structure to electric generators to 
insure recovery of their costs. The price risk 
perceived by electric utilities between . oil and 
gas, and the fact that the alternate fuel for gas­
fired NUGs is distillate oil, creates a natural bias 
in Region Two toward the NUG generation mar­
ket and away from central station generation. 
This is especially true in Region Two where 
transportation costs are high relative to other 
parts of the country. 



Despite impediments, state and local envi­
ronmental policies and development goals pro­
vide significant incentives to electric utilities to 
expand the use of gas for generating electricity 
over the next two decades. 

Region Three: Delaware, Pennsyl­
vania, Maryland, Virginia, West 
Virginia, and Washington, D.C. 

Natural gas is used to generate approxi­
mately 2 .  7 percent of the electric energy pro­
duced in Region Three. 

Natural gas deliveries to the electric gen­
eration market in Region Three have increased 
dramatically during the past five years and this 
growth is expected to continue over the next 
ten years. 

In Region Three,  electric utilities need 
modest additions to their generating capacity 
to meet load growth and to offset generating 
capacity reductions from power plant retire­
ments and deratings. Approximately 1 00 exist­
ing boilers at power plants throughout Region 
Three are candidates for gas co-firing or gas 
seasonal firing. Table 5-7 presents a state-by­
state summary of the new power plants and 
conversions of existing power plants to natural 
gas that are forecasted for the ten-year period 
1 992-2001 . 

Region Four: .Alabama, Florida, 
Georgia, Kentucky, Mississippi, 
North Carolina, South Carolina, 
and Tennessee 

The region currently produces 22 .5 per­
cent of the nation's electricity. Natural gas ac­
counts for about 1 0  percent of the region's 
power generation by electric utilities, virtually 
all in Florida and Mississippi. 

· 

After declining considerably in the early 
seventies ,  gas use stabilized and began to 
grow again in the mid eighties. 

The 1 990 EIA inventory of power plants 
identified gas fired power plant additions, ex­
cluding Florida, equal to 65 percent of the 1 990 
year ending base (though much of this is for 
peaking use and will have a relatively low im­
pact on gas demand) . 

In Florida, in which power generation ac­
counts for 60 percent of gas consumption, the 
limitation on power generation gas use has 
been pipeline capacity. Florida Gas Transmis­
sion added 1 00 million standard cubic feet 
per day (MMSCF/D) capacity in 1 992 and an­
other 530 MMSCF/D is slated for 1 994.  About 
80 percent of  the 1 9 94  exp ansion is con­
tracted for by power gener(ltors. A load factor 
of  about 7 5 percent is anticipated .  ANR, 
United, and Florida Power Corp. have all been 
working on proposals for a new pipeline in the 

TABLE 5·7 

REGION THREE 
NEW NATURAL GAS FIRED POWER PLANTS 

AND EXISTING POWER PLANT CONVERSIONS TO NATURAL GAS 
DURING THE 1 992·2001 PERIOD 

State 
New Gas Fired Power 

Plants (Megawatts) 

Existing Power Plant 
Conversions to Natural Gas 

(Megawatts) 

Delaware 
Washington, D.C. 
Maryland 
Pennsylvania 
Virginia 
West Virginia 

1 60 mw 
O mw 

500 mw 
3,300 mw 
2,400 mw 

No Information 

• Planned Cogeneration Facility. 

None Planned 
50 mw* 

500 mw 
1 ,500 mw 

O mw 
No I nformation 
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state potentially yielding another 300 to 800 
MMSCF/D over the next decade-mostly for 
power generation. 

Region Five: Dlinois, Indiana, 
Michigan, Minnesota, Ohio, and 
Wisconsin 

The region depends on coal to generate 
electricity. Demand for coal dwarfs that for ei­
ther natural gas or oil and this dominance is ex­
pected to continue through the turn of the cen­
tury. Coal is favored over other fuels due to its 
relatively low cost. However, by 20 1 0, natural 
gas and oil will account for 1 2  percent of elec­
tric utilities' fossil fuel demands. 

Environmental concerns will have an ef­
fect on the use of high sulfur coal in the region's 
coal-fired power plants. Currently a new tech­
nique of blending natural gas with coal is being 
tried, but the technique is still expensive. 

Region Five is expected to add generating 
capacity after the year 2000. The first need will 
be peaking capacity. Combustion turbine 
plants will be built to fill the peak load void 
since the fixed costs are lower than combined 
cycle plants. 

Intermediate load will also be needed 
around 200 1 or 2002 .  Combined-cycle gas 
plants are expected to win due to their lower 
fixed costs compared to competitive fuels. 

Region Five is not expected to need addi­
tional baseload capacity until after 2005. 

Region Six: Arkansas, Louisiana, 
New Mexico, Oklahoma, and Texas 

The states of Oklahoma and Texas ac­
count for 85 percent of overall gas consumption 
in the region. 

In 1 99 1 ,  gas delivered to consumers in the 
region totaled 5.4 TCF. (This does not include 
lease, plant, and pipeline fuel) . Of this amount, 
1 .6 TCF (29 percent) was by electric utilities. 
Thxas electric utilities consumed over 1 .0 TCF. 

Coal is the principal fuel used for power 
generation, accounting for almost half the elec­
tricity generated in the region. Nuclear plants 
account for about 1 5  percent. In 1 993, a new 
nuclear plant , Comanche Peak Unit 2 ,  will 
come onstream. But, over the next decade, gas 
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should compete favor�ly with coal and nu­
clear for capacity additions and repowering. 

Overall, gas usage for utility power gener­
ation is expected to grow 1 percent annually 
through 2000. 

Region Seven: Iowa, Kansas, 
Missouri, and Nebraska 

The electric generation market for gas 
consists of electric utility-owned generating 
units and independent power producers. This 
market segment has the greatest potential for 
growth during the next two decades. Coal ac­
counts for approximately 7 5 percent of the fuel 
used for power generation in the region. Ob­
stacles to increased gas use include: ( 1 )  lack 
of adequate transportation capacity in some re­
gions; (2) regulatory risk associated with the 
use of interstate pipelines; and (3) continuing 
concern over long-term supply availability. 

Given current fuel price relationships and 
environmental factors, natural gas-fired capac­
ity can be expected to dominate new invest­
ment . North American Electric Reliability 
Council (NERC) surveys of expected capacity 
additions in the West North Central census re­
gion reveal that the share of gas-fired capacity 
will increase from 8 percent in 1 99 1  to poten­
tially 1 5  percent by 2000. FUrther, because of 
the time required to build new coal-fired facili­
ties, it is unlikely that significant additions could 
occur before the turn of the century, even if 
economics favored coal. As a result, gas would 
benefit from faster-than-expected load growth. 

As a result of the rapid additions to gas­
fired capacity, the region's average annual 
growth rate in gas consumption for power gen­
eration is expected to be 1 7  percent through 
2000 . This compares with the 0 . 7  percent 
growth rate projected for coal usage. By 20 1 0, 
the share of gas usage in power generation is 
expected to rise to 1 3  percent, compared to 2 
percent in 1 99 1 . 

The 1 990 amendments to the Clean Air 
Act require reductions in 802 and NOx emis­
sions from electric utility plants. With its rela­
tively clean-burning properties,  natural gas 
could increase its share of the utility market as 
a result of this legislation. The utilities are 
faced with numerous options in complying with 
the Clean Air Act �quirements. These options 



include: switching from high sulfur to low sul­
fur coal, scrubbing of high sulfur coals, natural 
gas reburn and sorbent injection, natural gas 
co-firing, and combined-cycle repowering. For 
the region, given the proximity to low sulfur 
coal producing areas, switching from high sul­
fur coal to low sulfur coal is likely to be the 
compliance method of choice. While switching 
to gas may be a viable option based on eco­
nomics, increased gas usage as a compliance 
option is not likely to be significant. 

The strategic location of the region be­
tween Alberta and the Gulf Coast and its ac­
cessibility to the Rocky Mountain gas produc­
ing areas provide it with a variety of supply 
options. This analysis indicates that existing 
and proposed gas pipeline expansion projects 
are adequate to meet the region's expected 
gas demand for the next decade. By the year 
2000, the region would require additional gas 
pipeline capacity to transport gas from West­
ern Canada. 

Region Eight: Montana, Wyoming, 
Utah, Colorado, North Dakota, and 
South Dakota 

The electric utility generation market in 
Region Eight is dominated by coal. The abun­
dance of clean,  inexpensive coal throughout 
Region Eight has made coal the fuel of choice 
for utility generation. Of the 30 ,467 mw of 
generating capacity in Region Eight , over 
22 ,000 mw utilize coal while hydro units ac­
counted for 6,020 mw of generation. In con­
trast , gas accounted for only 870 mw or less 
than 3 percent of total generation capacity in 
Region Eight. In analyzing fuel consumption 
for electric generation in Region Eight , natural 
gas consumption accounted for 1 0 trillion 
BTUs in 1 989 or 0 .6 1  percent of the electric 
generation market. Coal accounted for 1 ,385 
trillion BTU or 84.45 percent of the market in 
Region Eight . 

Natural gas will continue to tight a difficult 
battle with coal for the electric utility genera­
tion market in this region. Yet ,  as a result of the 
Clean Air Act legislation and other environ­
mental concerns, natural gas is becoming a 
stronger competitor to coal in the repowering 
of obsolete facilities. A number of electric utili­
ties in the region are considering options that 
will economically increase the efficiencies and 

plant life of older or obsolete power generating 
facilities. 

Region Nine: Califor�a, Arizona, 
and Nevada 

Electric utilities in Region Nine use ap­
proximately 27 percent of all primary energy 
consumed in the region to generate electric 
power. Demand for electricity is driven pri­
marily by the electric requirements of the 
weather sensitive residential and commercial 
markets which account for some 73 percent of 
the total electricity consumed in Region Nme. 

Natural gas is the dominant fuel in the re­
gion's utility electric generation (UEG) sector, 
accounting for 43 percent of the electric gener­
ating capacity and satisfying almost 30 percent 
of the market's fuel requirements. Over 87 per­
ce�t of the gas consumed at UEG facilities in 
1 989 was used in California to meet base, in­
termediate, and peaking electricity needs. 

Coal accounts for about 22 percent of the 
region's primary UEG fuel needs with only 1 3  
percent of the generating capacity. In Arizona 
and Nevada, gas is used only to satisfy peak 
demand. Coal provides over 65 percent of 
these two state's UEG energy consumption. 

Nuclear energy captured about 22 percent 
of the region's UEG market share in 1 989 , equal 
to that of coal. With 1 200 mw of new nuclear 
capacity added within the last three years, nu­
clear's market share should increase as those 
plants are brought up to rated capacity. 

The large majority of Region Nine's elec­
tricity is generated by facilities owned and op­
erated by local municipal and investor-owned 
electric utilities. However, cogeneration and 
other non-utility generation accounts for a sub­
stantial part of the electric generation market. 
California leads the nation in the amount of 
electricity supplied by non-utility generators. 
In 1 990, non-utility generators represented over 
1 0  percent of the state's total electric genera­
tion capacity. 

Gas-flred electric power generation will 
likely be the fuel of choice for most electric 
power capacity additions in Region Nine. In 
California, gas use for power generation is pro­
jected to grow by almost 40 percent by 201 0. 
In Nevada, the gas market share will increase 
only modestly as gas additions will be limited 
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to peaking units and some new non-utility gen­
eration. In Arizona, gas's market share may 
decrease as current excess coal and nuclear 
generating capacity is utilized to meet electric­
ity demand growth. 

Region Ten: Washington, Oregon, 
and Idaho 

Region Thn currently relies on hydroelec­
tric plants to provide an inexpensive source of 
energy. Approximately 80 percent of the re­
gion's generating capacity is provided by hy­
dro generation giving this area the lowest elec­
tricity prices  in the country. The region 
accounts for over 40 percent of the nation's hy­
dro generation. 

1 20 

With the large amount of  hydropower 
available the demand for fossil fuels in the gen­
eration of electricity is small. In fact the region 
consumes the least fossil fuels in the country. 
Coal dominates the fossil fuel demand that does 
exist, with gas and oil bringing up the rear. 

The region currently has enough electric 
generating capacity to serve its projected de­
mand through the turn of the century. Addi­
tional capacity for peak generation is planned 
for 1 996. Primary plants used for this are com­
bustion turbine and combined-cycle. Both can 
be fired by either oil or gas. 

By 20 1 0 , the region will need baseload 
capacity to supplement its hydro projects and 
is expected to build 7 60 megawatts of coal ca­
pacity to meet that need. 



ATTACHMENT #1 
NUCLEAR GENERATING UNITS IN THE UNITED STATES 

LISTED CHRONOLOGICALLY BY YEAR OF OPERATING LICENSE EXPIRATION 

Year Summer Jointly 
License Capacity Owned 
Expires Plant & Unit ..!!!!!.. (M!!) OP!rator ..J!!!!L 

1 993 San Onofre 1 CA 436 Southern California Edison X 
1 993 Trojan OR 1 , 1 04 Portland General Electric Co. X 
2000 Big Rock Point Ml 67 Consumers Power Co. 

2006 Dresden 2 IL 772 Commonwealth Edison Co. 

2007 Haddam Neck CT 560 Connecticut Yankee Atomic Power Co. X 
2008 Diablo Canyon 1 CA 1 ,073 Pacific Gas & Electric Co. 
2008 Fort Calhoun 1 NE 476 Omaha Public Power District 
2008 Maine Yankee ME 870 Maine Yankee Atomic Power Co. X 
2009 Ginna NY 470 Rochester Gas & Electric Co. 
2009 Oyster Creek NJ 6 1 0  G P U  Nuclear Corp. X 
2009 Nine Mile Point 1 NY 605 Niagara Mohawk Power Corp. 

20 1 0  Millstone 1 CT 652 Northeast Nuclear Energy Co. X 
20 1 0  H.R. Robinson 2 sc . 683 Carolina Power & Light Co. 
20 1 0  Monticello MN 532 Northern State Power Co. 
20 1 0  Diablo Canyon 2 CA 1 ,087 Pacific Gas & Electric Co. 
20 1 0  Point Beach 1 WI 495 Wisconsin Electric Power Co. 

201 1 Pailisades Ml 755 Consumers Power Co. 
201 1 Dresden 3 IL 773 Commonwealth Edison Co. 

20 1 2  Turkey Point 3 FL 666 Florida Power & Light Co. 
201 2  Surry 1 VA 781 Virginia Electric & Power Co. 
201 2 Pilgrim 1 MA 663 Boston Edison Co. 
201 2 Quad Cities 1 IL  769 Commonwealth Edison Co. X 
20 1 2  Quad Cities 2 IL  769 Commonwealth Edison Co. X 
20 1 2  Vermont Yankee VT 496 Vennont Yankee Nuclear Power Corp. X 
20 1 3  Zion 2 IL  1 ,040 Commonwealth Edison Co. 
201 3  Indian Point 2 NY 93 1 Consolidated Edison Co. X 
20 1 3  Prairie Island 1 MN 507 Northern States Power Co. 
20 1 3  Point Beach 2 WI 495 Wisconsin Electric Power Co. 
20 1 3  Kewaunee 1 WI 5 1 9  Wisconsin Public Service Corp. X 
20 1 3  Browns Ferry 1 AL 1 ,065 Tennessee Valley Authority 
20 1 3  Zion 1 IL 1 ,040 Commonwealth Edison Co. 
20 1 3  Turkey Point 4 FL 666 Florida Power & Light Co. 
20 1 3  Oconee 1 sc 846 Duke Power Co. 
20 1 3  Peach Bottom 2 PA 1 ,051 Philadelphia Electric Co. X 
20 1 3  Surry 2 VA 781 Virginia Electric & Power Co. 
201 3 Oconee 2 sc 846 Duke Power Co. 

20 1 4  Oconee 3 sc 846 Duke Power Co. 
20 1 4  Tnree Mile Island 1 PA 808 GPU Nuclear Corp. X 
20 1 4  James A FitzPatrick NY 800 Power Authority of State of NY 
20 1 4  Peach Bottom 3 PA 1 ,035 Philadelphia Electric Co. X 
201 4 Arkansas Nuclear One 1 AR 836 Arkansas Power & Light Co. 
20 1 4  Calvert Cliffs 1 MD 825 Baltimore Gas & Electric Co. 
20 1 4  Browns Ferry 2 AL 1 ,065 Tennessee Valley Authority 
201 4  Edwin I .  Hatch 1 GA 744 Georgia Power Co. X 
20 1 4  Brunswick 2 NC 754 Carolina Power & Light Co. X 
20 1 4  Duane Arnold 1 lA 5 1 5  Iowa Electric Light & Power Co. X 
20 1 4  Donald c.' Cook 1 Ml 1 ,000 Indiana Michigan Power Co. 
20 1 4  Cooper Station NE 778 Nebraska Public Power District 
20 1 4  Prairie Island 2 MN 503 Northern States Power Co. 

20 1 5  Indian Point 3 NY 980 Power Authority of State of NY 
20 1 5  Millstone 2 CT 863 Northeast Nuclear Energy Co. X 
201 6 Crystal River 3 FL 820 Florida Power Corp. X 
20 1 6  Salem 1 NJ 1 , 1 06 Public Sarvice Electric & Gas Co. X 
201 6 Calvert Cliffs 2 MD 825 Baltimore Gas & Electric Co. 
20 1 6  St. Lucie 1 FL 839 Florida Power & Light Co. 
20 1 6  Beaver Valley 1 PA 8 1 0  Duquesne Light Co. X 
20 1 6  Brunswick 1 NC 767 Carolina Power & Light Co. X 
20 1 6  Browns Ferry 3 AL 1 ,065 Tennessee Valley Authority 
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ATTACHMENT 11 (Continued) 

Year Summer Jointly License Capaclly Owned 
Explrae Plant a Unit ..!!!!!... (!!!!.) OP!rator ..J!!!lL 

201 7  Donald C .  Cook 2 Ml 1 ,060 Indiana Michigan Power Co. 
201 7  Davis-Ba888 1 OH 873 Toledo Edison Co. X 
201 7  Joseph M .  F arley  1 AL 8 1 2  Alabama Power Co. 
201 8  Edwin l .  Hatch 2 GA 762 Georgia Power Co. X 
201 8 Arkansas Nuclear One 2 AR 858 Arlcanaas Power a Light Co. 
201 8  North Anna 1 VA 91 1 VIrginia Electric & Power Co. X 
2020 Salam 2 NJ 1 , 1 06 Public Service Electric & Gas Co. X 
2020 Saquoyah 1 TN 1 , 1 22 TennaBBaa Valley Authority 
2020 North Anna 2 VA 909 Virginia Electric & Power Co. X 
2021 McGuira 1 NC 1 , 1 29  Du ke  Power Co. 
2021 Joseph M. Farley 2 AL 824 Alabama Power Co. 
2021 Saquoyah 2 TN 1 , 1 22  Tennessee Valley Authority 

2022 LaSalle 1 IL 1 ,048 Commonwealth Edlaon Co. 
2022 GrandGulf 1 MS 1 , 1 43 Syatam Energy Resources Inc. X 
2022 Summar 1 sc 885 South Carolina Elaclrlc & Gaa Co. X 
2022 San 0nofra 2 CA 1 ,070 Southam CaiHornla Edlaon X 
2022 San 0nofra 3 CA 1 ,060 Southam CaiHomia Ediaon X 
2022 Susquehanna 1 PA 1 ,040 Pennsylvania Power & Ught Co. X 
2023 McGuira 2 NC 1 , 1 29  Duke Power Co. 
2023 SL Lucia 2 FL 839 Rorlda Power & Ught Co. X 
2023 Washington Nuclear 2 WA 1 , 1 00 Washington Public Power Supply Sya. 
2023 LaSalla 2 IL 1 ,048 Commonwealth Edlaon Co. 

2024 Catawba 1 sc 1 , 1 29 Duke Power Co. X 
2024 Callaway1 MO 1 , 1 25 Union Electric Co. 
2024 Watarford 3 LA 1 ,075 Louisiana Power & Light Co. 
2024 Byron 1 IL 1 , 1 20 Commonwealth Edlaon Co. 
2024 Umarick 1 PA 1 ,055 Philadelphia Elaclrlc Co. 
2024 Susquehanna 2 PA 1 ,044 Pennsylvania Power & Ught Co. X 
2024 Palo Verda 1 AZ 1 ,270 Arizona Public Service Co. X 
2025 WoH Craak 1  KS 1 , 1 31 Wolf Creak Nuclear Oparadng Co. X 
2025 Millstone S CT 1 , 1 37 Northeast Nuclear Energy Co. X 
2025 Palo Varda 2 AZ 1 ,270 Arizona Public Service Co. X 
2025 F.armi 2 Ml 1 ,060 Detroit Edlaon Co. X 
2025 River Band 1 LA 936 Gulf States Utll.itlaa Co. X 

2026 Braidwood 1 IL 1 ,090 Commonwealth Edlaon Co. 
2026 Hope Creak 1 NJ 1 ,031 Public Service 8actric & Gas Co X 
2026 Byron 2 IL 1 , 1 20 Commonwealth Edlaon Co. 
2026 Nina Mila Point 2 NY 1 ,080 Niagara Mohawk Power Corp. X 
2026 Clinton 1 IL  930 IIBnols Power Co. X 
2026 Shearon Harris 1 NC 860 Carolina Power & Light Co. X 
2026 Parry 1 OH 1 ,1 69 aavalancl Electric llluminadng Co. X 
2026 Seabrook 1 NH 1 , 1 50  Public Service Co .  o f  NH X 
2026 Catawba2 sc 1 , 1 29  Duke Power Co. X 

2027 Braldwood 2  IL 1 ,090 Commonwealth Edlaon Co. 
2027 Beaver Valley 2 PA 833 Duquesne Light Co. X 
2027 Vogtla 1 GA 1 , 1 04 Georgia Power Co. X 
2027 South Texas Project 1 1X 1 ,250 Houston Ughdng & Power Co. X 
2027 Palo Varda 3 AZ 1 ,270 Arizona Public Service Co. X 

2028 South Texas Project 2 1X 1 ,250 Houston Llghdng & Power Co. X 

2029 Vogtla 2 GA 1 , 1 03 Georgia Power Co. X 
2029 Umarick 2 PA 1 ,055 Philadelphia Elaclrlc Co. 

2030 Commancha Peak 1 1X 1 , 1 50  Texas Udlltlas Elaclrlc Co. 

2033 (Ell) Commancha Peak 2 1X 1 , 1 50  Texas Udlltlas Elaclrlc Co. 
SOURCES: Nuclear Regulatory CommiBBion, 1992 1nfonnation Digest, pp. 411-49; U.S. Energy Information 

Administration, "Inventory of Power Plants In the United S1atas 1991," DOE/EIA..()()95(91), Tabla 20; Gas 
Research Institute; and Edlaon Electric lnatituta. 
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ATTACHMENT #2 

The NPC model outputs are driven by tne 
assumptions fed into the model and the inter­
workings of the model. Because the assump­
tions are so important to the outputs and be­
cause they are based on judgments of the 
future subject to considerable debate, the fol­
lowing list is provided so that the reader can be 
as informed as possible as to the assumptions 
that have been made. (The numbers below re­
fer to pages in Chapter Eight .) 

Logic for Scenarios . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 55-6 

Economic (GNP) Growth . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  l 55-6 

(Related economic factors : disposable in­
come, industrial production, population, resi­

dential housing, and commercial floor 
space) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 65-6 

Dependence of NPC Model on inputs from 
(and, therefore, assumptions made in) DRI 
Macroeconomic and Energy Models . . . . . . . . . . . . . . . .  . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 56-62 

'Ibtal US energy demand . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 55-6 

'Ibtal Electricity Demand . . . . . . . 1 88-92 ,  Table 8-2 1 

Power plant types . . . . . . . . . . . . . . . . . .  . 1 59-62 , Figure 8-4 

Electric generation load categories . . . . . . . . .  1 59-62 

Economic dispatch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 59-62 

Plant retirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 59-62 

Fuel burning capacibility and fuel selection for 
dual-fuel plants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 59-62 

Price of electricity for the utility (taking into ac-
count capital, fuel, O&M, and admin) . . . . . . . . . . . . . .  . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 59-62 

Environmental Requirements (including S02 al-
lowance trading) . . . . . . . . . . . . . . . . . . .  l 55-6 , 1 59-62,  1 64 

Price of S02 allowances (discussed but value 
assigned not identified) . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 59-62 

Model framework . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Figure 8-4 

Residential demand for electricity . . . . . . . . . . . . . . 1 7  4-5 

Commercial d d [I 1 ct · 'ty em an or e e nCI . . . . . . . . . . . . . . . . . . . .  . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 72 ,  1 77-9 

Industrial demand for electricity . . . . . . . . . . . . . . . . . . . . . . . .  . .  
. . . . . .  . . . . . . . . . . . . . . . . . . . . . .  Table 8- 1 ;  1 62-3 , 1 72-3, 1 8 1 -8 

Repowering of electric generating units . . . . . . . . . . . . .  . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 73, 1 90 

Electric generating unit heat rate improvements 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 90- 1 ,  1 94-7 

Capital costs: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Table 8-2 1 

Coal-fired and gas-fired generating units . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 73 ,  1 88-90, 1 9 1 -2 

Building new coal-fired generating units at ex-
isting sites vs. new sites . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 73 

"Institutional constraints" on adding new elec-
tric generating capacity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Table 8- 1 ,  1 63-4 

Including construction lead-time, reluctance to 

add base load coal-fired capacity such as dis-
allowances, NIMBY . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 63-4,  1 9 1  

Constrained to follow published plans (in NERC 

reports) through 2000, Economic calculations 
thereafter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 63-4 ,  1 9 1 ,  1 94-7 

Gas market-share "floors" . . . . . . . . . . . . . . . . . . . . . . . . . . .  l 63-4 

Gas price expectations . . . . . . . . . . . . . . . . . . . . . . . 1 64-5, 1 9 1  

Energy prices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Table 8-22 

Crude oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 66 

Natural gas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 66-7 , 1 92-4 

Residual oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 92-4 

D'still il 1 ate o . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 92-4 

Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 67 -8, 1 92-4 

Primary energy consumption . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Tables 8-6, 8-23, 8-24,  8-25 

Natural gas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  l 69 ,  1 94-7 , 1 97-8 

Petroleum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 70 ,  1 94-7 , 1 97-8 
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Coal . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . .  . l 70,  1 94-7 , 1 97-8 Electric generators' gas price expectations . . . . . . .  

Nuclear/Hydro . . . . . . . . . . . . . . . . . . . . . . . .  l 70, 1 94-7 , 1 97-8 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 9 1  

Gas transportation rates for electric generation . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 9 1  

Generating unit capacity utilization rates & re-
serve margins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .. . . . . . . . . .  1 94-7 
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ATTACHMENT #3 

Fuel choices made by electric genera­
tors-particularly choices between coal and 
natural gas-are expected to have a significant 
impact on the amount of natural gas used in 
electric generation in the years ahead. 

During its study of the potential for gas 
demand, the Demand and Distribution Task 
Group has found that : 

• The potential for natural gas in electric 
generation varies widely by site , potential 
application, region, and generating com­
pany; but this wide variation seems not to 
be taken into account by some who at­
tempt analyses of fuel choices 

• Companies in the gas industry that may 
wish to sell or transport natural gas for 
electric generation and others that do 
analyses of electric generators' alterna­
tives appear not to have a sufficient under­
standing of the factors-particularly site 
specific factors-that affect electric gener­
ators' fuel choices29 

• Assumptions included in analyses-par­
ticularly assumptions about future fuel 
costs (including fuel and transportation)­
often have an overwhelming impact on the 
results of the analysis. 

Further, some organizations that have mis­
conceptions about factors important in fuel 
choices may have been dissuaded from mar­
keting efforts because they have incorrectly as­
sumed that electric generators choosing coal 
"have a coal bias" or "prefer generating units 
that have a high capital cost: '  

This attachment has  been prepared to  
help provide an improved understanding of  the 

28 Factors affecting non-utility generators ' deci­
sions are often different from those of traditional electric 
utilities. 

29 As indicated earlier, major changes in energy 
markets and regulation in the natural gas industry have 
resulted in new roles and responsibilities and the need 
for organizations in the gas industry to develop new 
knowledge of potential customers. 

factors that affect electric utility fuel choice de­
cisions and, hopefully; to provide a basis for im­
proving analyses of such decisions. 

More specifically; the following shortcom­
ings appear to exist in many analyses of fuel 
choice alternatives: 

Fuel Price Assumptions 
As indicated above, assumptions about fu­

ture fuel prices often dictate the outcome of 
analyses. Figures 5- l and 5-2 show assump­
tions as to delivered fuel prices used in inte­
grated resource plans submitted to state regu­
latory agencies  by five e astern utilities .  
Particularly striking are: 

• The wide variations among utilities in their 
price expectations 

• The perception by all these utilities that 
coal prices will grow little if any while a few 
expect sharp growth in natural gas prices 

• The high natural gas price expectations of 
some of these utilities seems to ignore the 
strong possibility that interfuel competition 
will keep natural gas prices competitive 
with other fuels. 

These price assumptions suggest that de­
cision makers in electric utilities (and their reg­
ulators) need to pay close attention to the as­
sumptions used in their fuel choice analyses 
and be aware of the impact of those assump­
tions on the conclusions. 

Insufficient Attention to Factors Af­
fecting Fuel Choices That Vary by 
Site, Region, Company, etc. 

Table 5-8 (at the end of this Attachment) is 
a matrix identifying many of the factors, includ­
ing site specific factors, that will often have to 
be taken into account when analyzing electric 
generators' fuel choices. This matrix is offered 
as one step toward improved understanding of 
fuel choice decisions in electric generation 
markets. 

Advantages of Adding Another Gen­
erating Unit at an Existing Site 
Compared to Building a Unit at a 
New Site 

Those who wish to market gas to electric 
utilities need to be aware, in particular, of the 
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impact ·on economics of the potential for build­
ing another generating unit at an existing gen­
erating station rather than at a new site. (This 
may be particularly important , for example, in 
understanding the economics of adding a new 
coal-fired unit at an existing station that has one 
or more coal-fired units, compared to building 
a gas-fired unit at a new site.) 

Adding a new generating unit at an exist­
ing site can result in substantially less cost than 
at a new site for such reasons as the following: 

1 .  Ability to make use of common facilities, 
e .g. , substations, transmission lines,  fuel 
storage areas and handling equipment , 
maintenance and service facilities and 
staff, control room, and administrative 
support . 

2. Ability to use fuel transportation infrastruc­
ture already in place, e.g. : 

• Rail line-less cost in running more 
trains over existing rails than in building 
new rail connection. 

• Increase throughput on an existing 
pipeline that is not used at full capacity 
or where throughput can be increased 
with compression or looping. 

3. Less neighbor and public opposition to 
adding a new unit at an existing plant site. 

4. Possibly less permit approval time for an 
existing plant site than a new plant site. 

5.  Construction time may be less at an exist­
ing site. 

6. May be able to add generating capacity in 
smaller increments at an existing site. 

7 .  Sources of water supply may be in place. 

8. Waste disposal facilities (on-site and off­
site) may be in place. 

9. Business relationship may be in place for 
services for the site. 

Other Economic Factors That May 
Be Overlooked 

1 .  Potential advantages of repowering, ex­
tending the useful life or increasing the 
availability of an existing generating unit . 
Electric utilities needing additional capac­
ity often find that one of these actions at an 

existing site will be far less costly than a 
new "greenfield" facility. 

2 .  Fuel transportation costs-which are im­
portant in the case of gas and coal; e.g. : 

• In the case of coal, the transportation al­
ternatives available for the site (rail, wa­
ter, truck, pipeline , or conveyor) and 
ability to get competition among trans­
porters. 

• In the case of natural gas, the distance 
to the nearest gas pipeline that can pro­
vide the needed volumes ,  pressures 
and variability in ' 'takes; '  whether there 
is competition among transporters, and, 
if not , the rate designs that can have a 
major impact on electric utilities' gas 
transportation costs. 

3. Costs that vary significantly by region 
(e.g. , labor costs) . 

4. Costs that vary by company; such as cost 
of capital due to different capital structures 
(debt/equity) . 

5. Needs that a particular utility may have to 
take into account to achieve such objec-
tives as: 

· 

• Bringing its estimates of future demand 
and future generating capability into 
balance 

• Meeting specific environmental re­
quirements 

• Improving service reliability 

• Maintaining or increasing operating 
flexibility in the event of fuel market 
changes 

• Minimizing customer costs. 

6. Alternatives other than adding generation 
capacity to bring supply and demand into 
balance, such as: 

• Undertaking or expanding conserva­
tion or load management activities to 
reduce the need capacity or generation 
(' 'demand-side' ') 

• Buying power from other sources (an­
other utility with excess generating ca­
pacity; cogenerator, independent power 
producer, etc.) . 
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"Non-Economic" or Non-Quantifiable 
Factors That Can Overwhelm "Eco­
nomic" Factors 

1 .  Public or neighbor opposition to a particular 
energy source (e.g. , coal, nuclear, or gas) . 

2 . An electric utility's current fuel mix (coal, 
oil, gas, nuclear, hydro, renewables) and 
possible desire to diversify its energy 
sources and gain some protection against 
future changes in market conditions. 

3. Diversity of fuel supply sources and of 
transportation sources to permit taking 
advantage of competition among fuel sup­
pliers and/or transporters. 

4. Perception as to relative security of fuel 
supply; e.g. , greater comfort that coal will 
be available continually at a low price, or 
that gas supplies may be interrupted. 

TABLE 5-8 

5. Uncertainty and degree of control over fu­
ture transportation costs (e.g. , in the case 
of natural gas, can pipeline transportation 
rates be increased by the pipeline or its 
regulators?) 

6. Conditions imposed by state or local sit­
ing boards, environmental authorities or 
regulatory commissions (e.g. , limits on the 
use of back-up fuels, even when they 
would be cheaper for electric customers) . 

7 .  Confidence in the technology (e.g. ,  a util­
ity may have more confidence in a gas 
turbine that has been used successfully 
elsewhere than it has in a fluidized bed 
coal-fired unit that is being scaled-up for 
the first time) . 

8. Relative complexity (or ease) of procure­
ment and delivery of various fuels to gen­
erating plants. 

FACTORS, INCLUDING SITE-SPECIFIC, LIKELY TO AFFECT COSTS ASSOCIATED 
WITH CHOICES B ETWEEN COAL AND GAS FOR N EW GENERATING CAPACITY* 

Costs Factor 
differ for Important 
new vs. In coal Costs 
existing vs. gas vary by 

Factor affecting cost: site? decision? region? 

A. 

B. 
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CiiU1ilal CQli§ 
1 .  Key Variables: 

a Fuel Probably Yes Yes 
b.  Plant type & technology Yes Yes Yes 
c. Type load to be served (base, cycling, peak) No Yes No 

2. Key elemenm of cost 
a Land cost Yes Yes Yes 

1 )  Plant site 
2) Waste disposal site Qf needed) 
3) Rights-of-way 

b Plant & equipment cost Yes Yes Yes 
c. On-site construction cosm Yes Yes Yes 
d. Cost of capital No No Yes 
e.  Electrical transmission connection Yes No Yes 
f. Fuel receiving & storage (e.g., dock, tanks, pipeline Yes Yes No 

connection, storage area) 
g Water supply & pipeline Probably Yes Yes 
h. Taxes Possibly Yes Yes 

Preconstruct!on costs: 
1 .  Key variables 

a Federal, state, and local requiremenm Yes Yes Yes 
b. Time required to get through the permit process Yes Yes Yes 
c. Acceptability of plant or unit to neighbors, political 

leaders & regulators Yes Yes Yes 
2. Key elements of cost 

a Environmental studies Yes Yes Yes 
b.  PermiW: applications, hearings Yes Yes Yes 
c. Public relations Yes Yes Yes 

• New generating capacity, as used here, includes entirely new unim at existing or new sites and other changes, 
sometimes referred to as "repO'tVering* which may include a variety of actions ranging from the addition of one or 
more gas or oil-fired turbines and capturing waste heat to produce steam for an existing or new steam turbine, 
to the replacement of virtually all of an existing generating unit (boiler, turbine and generator). 

Costs 
vary by 
electric 
utili�? 

Probably not 
Probably not 
Probably not 

Probably not 

No 
Probably not 
Yes 
No 
No 

Probably not 
No 

No 
No 

No 

No 
No 
Yes 



TABLE 5-8 (Continued) 

Costs Factor 
differ for Important Costa 
new vs. in coal Costa vary by 
existing vs. gas vary by electric 

Factor affecting cost: site? decision? . region? utility? 

c. Q12�mtiog � MiliommmQI (giiJ�[ lbSID w�ll; 
1 .  � �dilblg§ 

a. O&M activities that must be perfonned No Yes No Possibly 
which differ by fuel tupe 

b. Number of people required for operation No Yes No Possibly 

2. � ���ID�Dt!i 21 !<QB (Q�M Sl!<tilliti�!i tbSit IDY!it b� 12§1iQ[[D�Q) 
a. Wage rates No No Yes Possibly 
b. Benefit costs & practices No No Yes Yes 
c. Union or non-union No Yes Yes Yes 
d. Insurance Yes Yes Yes No 

D. fyg[ 
1 .  D�lill�IE EY�I QQ!il Yes Yes Yes Yes 

a. ID lb� !<SIH Q( !<2511 
1 )  IS� llSidSiblg§; 

a) Type of coal that could be used (Sulfur, ash No Yes Yes No 
content, ash softening temp. ,  etc.) 

b) Competition among potential suppliers No Yes Yes No 
c) Distance & transport alternatives from 

mine to generating plant (& competition 
among transporters) No Yes Yes No 2) IS� elements o( cost 

a) Cost of coal at mine mouth No Yes Yes Possibly 
b) Cost of transportation (rail, ship or 

barge, conveyor and/or pipeline) Yes Yes Yes Possibly 
b. ID !be ®H Qf Mtuml SIS!§; 1 )  IS�llllSIDS!bl�!i; 

a) Distance from nearest pipeline that can Yes Yes Yes No 
handle required volumes, pressures & variability 

b) Distance from wellhead to generating unit No Yes Yes No 
c) Number of pipelines involved 
d) Areas traversed by new or expanded 

pipeline (e.g. ,  city streets, wetlands, rock) No Yes Yes No 
e) Transportation finn or interruptible No Yes Yes No 
f) Pipeline rate design No Yes Yes No 
g) Backup fuel requirements and pennissions to use Yes Yes Yes No 
h) LDC involved in providing gas or transport? No Yes Yes No 
Q Whether cross-subsidies are involved No Yes Yes No 
j) Resolution of restructuring issues; e.g. , allocation 

of costs, storage; penalties for variable 
takes, receipt & delivery points; brokering No Yes Yes No 2) IWJ£ com gJemeot§ 

a) Cost of gas at wellhead No Yes Yes No 
b) Gas pipeline transportation costs: No Yes Yes No 

i) If interruptible, full or discounted rate? 
ii) If finn: 

. Whether existing facilities are available 
at rates less than new capacity 

. Cost of new facilities, if needed (e.g., 
new pipe, looping, compresssion) 

• Rate design, including: 
. Whether costs are incremental or rolled-in 
. Split of costs between demand & commodity 
. Amortization period 

. Load factor 
iii) If LDC involved, 'value of service, • cost 

of service or negotiated rate 
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TAB LE 5-8 (Continued) 

Factor affectlns cost: 

D. 

E. 

F. 

G. 

H. 

I. 

130 

E!.Hll (ggoliouad) 1 .  Pe!ivered Ewl Cost 
b. ID !he case of oatural gas: 

2) Key cost elemeots 
c) Cost of monitoring subsequent rate cases & 

other regulatory proceedings 
d) Cost of managing fluctuartions in consumption 

rates & balancing raceipts into each pipeline with 
deliveries from each pipeline; e.g. , imbalanCe 
and variable take penalties (636 issues) 

2. J!ue! storage COstS 
a. In case of gas 

1 )  Availability 
2) Injection, withdraw! and storage charge 
3) Inventory carrying cost 

b. In case of coal 
1 )  Location, ownership of storage 
2) Inventory carrying cost 

3. Other possible fuel costs 
a. Coal: Fraeze proofing, agent fees, dumping 

charges, broker fees, additives 
b. Gas: broker fees 

Eollimomaotll !1!2stlliiDd ltlilstl! diiRQal !1!2stl 
(wbi!Ob mil£ bl! im<IUdl!d above UDs;il![ Q&M Q[ fugl); 
1 .  ISey lllildlilbl111 

a. Federal, state, and local raquiraments: air, 
water, solid & hazardous waste; e.g., in the case 
of air, in an attainment or nonattainment araa 

b. Neighbor and political leader attitudes towards plant 

2. Key e!amaots of cgst 
a. Air pollution equipment raquirad 
b. Water discharge control equipment, traatment, 

and fish protection raquiraments 
c. Solid and hazardous waste disposal site raquiraments 

1 )  I n  the ca se  of coal: 
a) Coal ash 
b) Sludge (if scrubber) 

d. Costs or 1'8Venue from emissions trading (+ or ·) 

flliiD& l!ffigia� i.a .. b11m mm (13D.!I m kw) 
S!.lblidii!llillllilillble fmm Federal, am&t, !:![ lg 
ggvemmaom: t,g,; 
1 .  Tax incentives for using indigenous fuel 
2. Tax incentives for pollution control equipment 
3. Federal or state rasearch, development or 

demonstration subsidies 
4. Federal or state low interast loans 
5. Tax incentives for developing (or participating 

in development of) the fuel (e.g., coalbed methane) 

Stata liiQliQDI &!:! I!DC()!.I[Bgl Q[ li.Q!.Ill UH gf iDdi91!DQUI coal 

Extamllliw tactom, if mguilld bl! stmt iB� D.llta 

Costs 
differ for 
new vs. 
existing 
site? 

Yes 

No 

No 

No 
No 
No 

No 
No 

No 
No 

Yes 

Yes 

No 

No 
No 

Yes 
Yes 
No 

No 

No 
No 

No 
No 

No 

No 

Factor 
lmiaortant Coats 
In coal Costs vary by 
vs. gas vary by electric 
decision? r�•slon? utili!!? 

Yes Yes Yes 

Yes Yes No 

Yes Yes No 

Yes Yes No 
Yes Yes No 
Yes Yes No 

Yes Yes No 
Yes Yes No 

Yes Yes No 
Yes Yes No 

Yes Yes No 

Yes Yes No 

Yes Yes No 

Yes Yes No 
Yes Yes No 

Yes Yes No 
Yes Yes No 
Yes No No 

Yes No No 

Yes Yes No 
Yes Yes No 

Yes Yes No 
Yes Yes No 

Yes Yes No 

Yes Yes No 



ATTACHMENT #4 

ADDITIONAL INFORMATION ABOUT THE 
ELECTRIC INDUSTRY THAT MAY BE USEFUL 
TO THOSE WHO WISH TO MARKET NATURAL 
GAS TO THE INDUSTRY 

The work of the Demand and Distribu­
tion Task Group revealed that some in the 
natural gas industry lack a good understand­
ing of important developments and processes 
in the electric utility industry that affect po­
tential markets for natural gas for electric 
generation. In fact , some misunderstandings 
may be impeding efforts to increase the con­
tribution of natural gas in the generation of 
electricity. 

The main body of this chapter provides in­
formation on potential electric generation de­
mand for gas and includes information in­
tended to help those who wish to market gas 
for electric generation. 

This attachment provides additional infor­
mation on the four topics listed above. 

Key Forces and Developments 
Affecting the Electric Generation 
Industry 

The electric utility industry, particularly 
the investor-owned segment , is subject to a 
number of forces and relatively new develop­
ments that affect individual companies' deci­
sions, including decisions that affect generating 
capacity and fuel choices. This section identi­
fies briefly several of those forces and develop­
ments. 

Obligation to Provide Reliable Ser­
vice at Lowest Possible Cost 

Electric utilities generally have . an exclu­
sive franchise to provide electricity in a defined 
territory. That franchise carries with it an "obli­
gation to serve" all customers in that territory, 
providing reliable service and doing so at low­
est possible cost . 

Regulatory Oversight 

Investor-owned utilities (which provide 
about 78 percent of all the electricity used in 
the United States) are subject to regulations 
and oversight of state utility commissions and, 
in the case of wholesale transactions, by the 
Federal Energy Regulatory Commission. 30 
Among other things, regulatory commissions 
approve rates charged to electric customers. 
As a part of their responsibility, regulatory 
commissions review the prudence of decisions 
made by the management of investor-owned 
utilities. Such reviews extend to all costs, in­
cluding the cost of input energy used by the 
utility to generate electricity. 

Obligations to Shareholders of 
Investor-Owned Utilities 

Like investor-owned firms in other indus­
tries, the management of electric utilities also 
has an obligation to their shareholders-to pro­
vide a reasonable return on their investment 
and, hopefully, to increase the value of their 
stock holdings. 

When a utility commission prevents recov­
ery through rates charged to customers of any 
part of the cost that has been incurred by the 
utility, that cost is borne by the shareholders. 
Thus, the management of an electric utility is 
constantly faced with the responsibility of as­
suring that its actions are found to be prudent 
so that costs incurred-· whether for capital, op­
erations and maintenance, fuel or power pur­
chases-can be recovered through rates paid 
by customers. 

The activities of investor-owned electric 
utilities are open for scrutiny by customers and 

30 Public utility holding companies are also subject 
to regulatory authority of the U.S. Securities and Ex­
change Commission pursuant to the Public Utility Holding 
Company Act, as amended. 
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the general public-as well as by the commis­
sioners. 

Increased Competition 

While once considered well-protected 
monopolies in their respective service territo­
ries, many traditional electric utilities are now 
facing competition in all phases of their busi­
ness, including: 

Generation. In the case of electric gener­
ation , utilities are experiencing competition 
from: 

• Non-utility generators, including: 

- Cogenerators , including facilities that 
produce electricity and useful thermal 
energy for commercial, industrial, heat­
ing or cooling purposes.31 

- Small power producers, which include 
facilities of 80 megawatts or less getting 
more than 75 percent of their energy in­
put from waste or renewable sources 
such as hydro, biomass, geothermal or 
solar sources. 

- Independent power producers (IPPs) 
that produce electricity and sell it on a 
wholesale basis to an electric utility for 
resale. 

• Other electric utilities with excess ca­
pacity. Utilities often have excess capac­
ity, at least at certain times, which they 
are prepared to sell at a market rate. 

Transmission. Electric utilities are in­
creasingly being encouraged (or required) to 
provide access to their transmission lines for 
movement of power generated by other utilities 
for sale on a wholesale basis to a third utility. 

Distribution. Some legislators and regu­
lators are proposing that electric utilities be re­
quired to make their transmission and distribu­
tion facilities available to permit movement of 
power from other utilities, small power produc­
ers or IPPs to end-use customers in their fran­
chised territory ("retail wheeling") . 

End use. Most electric utilities have long 
faced competition at the point of energy use 

3 1  Cogenerators meeting requirements estab­
lished pursuant the Public Utility Regulatory Policies Act 
of 1978 enjoy certain benefits, including the right to sell 
excess electricity to electric utilities. 
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from other energy sources, including natural 
gas, petroleum or, in some cases, coal. More 
recently. utilities have seen competition at the 
point of use from conservation, with the mea­
sures to reduce electricity use provided by 
the end user or by a third party on a shared­
savings basis. 

Competition faced by electric customers. 
Commercial and industrial firms served by util­
ities within high or rapidly rising rates are mak­
ing it clear to utilities that electricity costs-for 
the fum and their employees-are an imp or­
tant factor in business location, relocation, or 
expansion. In this sense, electric utilities may 
be competing in global markets. 

Rising Costs and Rising Electric Rates 

Like other firms, many electric utilities are 
facing rising costs. Higher costs, generally re­
sulting in higher electric rates, are due to such 
factors as the cost of maintaining, renewing, or 
upgrading generation, transmission, and distri­
bution facilities; meeting increasingly stringent 
environmental requirements ;  paying rising 
employee health benefit costs ; booking of 
post-retirement health benefit costs ; upgrading 
nuclear facilities to meet current standards and 
preparing to handle nuclear wastes ;  and/or 
paying for power purchased from others, in­
cluding "qualifying facilities." 

In the case of some electric utilities, rising 
costs during the 1 980s were offset in significant 
part by declining fuel costs and rapidly in­
creasing sales-so that the total costs per kilo­
watt hour paid by customers did not increase 
significantly. The potential for substantial 
downward adjustments in fuel costs to offset 
other cost is less now than in the early 1 980s. 

Integrated Resource Planning (IRP) 

Electric utilities in more than 30 states 
must now comply with some kind of require­
ment to develop "Integrated Resource Plans."32 
IRP requirements are having a major impact 
and this impact is likely to increase; e.g. :  

• Force changes in the way utilities plan and 
broaden the alternatives considered 

32 IRPs are discussed in more detail in Appendix C 
at the end of this volume. 



• Shift energy policy making and, in some 
cases, environmental policy making more 
to the state and regional level 

• Broaden the focus of activities to conserve 
energy and achieve better utilization of re­
sources to cover generation, transmission, 
and distribution of electricity and cus­
tomers' end use of that electricity. 
IRP requirements vary from state to state, 

but often: 

• Require "least cost" planning, in the sense 
of requiring that reduction of electricity 
demand be considered along with in­
creasing the supply of electricity. 

• Establish cost to customers as the primary 
criteria for selecting the alternative that 
would bring electricity demand and sup­
ply into balance. 

• Adopt an " all customer," "all utility," or 
"societal" test for measuring cost to cus­
tomers-rather than requiring that no cus­
tomer would pay more (the so-called "no 
losers test") . The net effect is that public 
utility commissions are allowing subsidies 
to encourage electricity conservation and 
efficiency-even if the cost of the subsi­
dies are borne by other customers, cus­
tomer sectors, or generations than those 
who benefit from the subsidy. 

• Include requirements extending beyond 
the narrower concept of "least-cost plan­
ning: ' 

• Increase the focus on potential ways to in­
crease energy efficiency in all customer 
categories and on energy conservation 
measures not previously recognized as 
more cost beneficial than building new 
generating capacity (e.g. , more energy ef­
ficient building design and building mate­
rials; more energy efficient industrial pro­
cesses) . 

• Require use of competitive bidding to 
help identify economical supply and/or 
demand-side alternatives. 

• Increase focus on the potential for reduc­
ing losses in their transmission and distri­
bution systems (e.g. , replacing transform­
ers and cable to reduce losses) . 

•. Adopt , in a growing number of states, "en­
vironmental externality' ' requirements that 

tend to increase the c alculated cost of 
supply-side measures compared to re­
duction in demand. 

• Open the electric utility planning process 
to additional public scrutiny and participa­
tion by intervenors, including competitors 
to the electric utilities. 

In addition, some states are adopting in­
centives for electric utilities, along with IRP re­
quirement s ,  t h at are designed to make 
"demand-side" activities at least as profitable 
as selling electricity. 

Electric and Magnetic Fields (EMF) 

The relatively recent concerns that have 
emerged concerning potential health effects of 
EMF has added a new uncertainty for electric 
utilities. Electric and magnetic fields are asso­
ciated with various aspects of electric genera­
tion, transmission, distribution, and use. 

Concerns about potential health effects of 
EMF have led to or provided a new basis for 
opposition to proposals for new or expanded 
transmission lines even though EMF measure­
ments may be higher from an electric blanket, 
hair dryer, or clock than from a transmission 
line. (EMF measurements decline sharply with 
distance from the line or appliance.) 

Extensive research has been undertaken 
by the electric utility industry and government 
agencies that should shed more light on out­
standing questions. 

To date, it appears that scientific evidence 
may not justify the health concerns that some 
have expressed. However, the electric utility 
industry is working to deal with these con­
cerns. 

Finding and Getting Approval for 
Sites and Rights-Of-Way 

In some regions of the country; traditional 
electric utilities and independent power pro­
ducers are facing considerable difficulty in 
fmding and getting approval for sites for new 
generating facilities and rights-of-way for 
transmission lines and other facilities (water 
supplies, waste sites, etc.) need for new facili­
ties. Generally, dozens of permits are required 
and opposition is common from people con­
cerned about potential environmental impact 
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or, often, about having a facility or line near 
their property. 

The Electric Utility Planning Pro­
cess-To Bring Future Demand and 
Supply into Balance, and to Provide 
Diversity and Flexibility in Energy 
Sources 

Those seeking to market natural gas for 
electric generation should have a basic under­
standing of the planning process followed by 
electric utilities as they seek a reasonable bal­
ance between future electricity demand and 
supply, and pursue other operational objec­
tives. Following is a discussion of the steps in­
cluded in the process. 

Estimating Future Peak Load De­
mands for Electricity (Kilowatts) 

Estimating future peak loads (generally 
over the ensuing 1 0  years) is important be­
cause electric utilities' obligation to serve is 
generally interpreted to mean providing elec­
tricity upon demand from all customers except 
those with whom special interruptible service 
has been arranged.33 The utility compares es­
timated peak demand, plus a reserve margin 
(to allow for unexpected generating unit out­
ages) to the generating capacity owned by the 
company, and capacity available under the 
company's contracts with other utilities and 
non-utility generators. 

Evaluating Alternative Ways to Supply 
Estimated Demand 

If the capacity is inadequate the utility will 
consider: 

• Measures to reduce peak demand ("de­
mand-side") 

• Buying additional capacity under con­
tract from other utilities or non-utility 
generators 

• Increasing its own generating capacity. 

33 Utilities may have arrangements with certain in­
dustrial customers that give the utility the right to inter­
rupt electricity supplies if generating capacity proves in­
adequate (e .g . ,  in mid-afternoon on a hot summer 
weekday for a summer-peaking utility)-in exchange for 
an "interruptible" rate that is lower than that charged 
other customers in the same rate class. 
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Actions to increase the utility's own gener­
ating capacity may include: 

• Capital or maintenance spending to: 

- Extend the life of a generating unit that 
otherwise had been planned for retire­
ment during the planning period or 

- Increase the availability of existing gen­
erating units (i.e . ,  avoid unit downtime) . 

• "Repowering" and increasing the capacity 
of an existing unit. 

• Adding a new generating unit at an exist­
ing site. 

• Building a new generating unit at a new 
site. 

The approach selected to bring estimated 
future demand and supply into balance will de­
pend on: 

• The type and duration of the expected de­
mand. For example , a peak that is ex­
pected to occur for only a few hours on a 
few days might be met by building a 
"peaking" unit , or by finding more cus­
tomers willing to accept interruptible ser­
vice and rates 

• In the final analysis, the alternative with the 
lowest cost to customers. 

If capacity iS expected to exceed peak 
demand, the utility will consider such mea­
sures as selling the capacity to other utilities or 
retiring or mothballing one or more generating 
units. 

An electric utility may not plan capacity to 
meet all of its expected peak if it concludes that 
power will be available on the very active 
"spot" market that exists wherein utilities buy 
and sell power on a short-term (perhaps only a 
few hours) basis from or to utilities that are 
reachable with transmission capacity available 
in the region. 

Estimating Total Electricity Usage 
(Kilowatt Hours) 

Electric utilities also estimate the total 
amount of electricity (kilowatt hours) that they 
expect customers to require. These estimates 
are used for a wide variety of planning pur­
poses, including estimates of which generating 
units will be run for what periods of time, .  the 
quantities of fuel that will be needed for those 



units, and scheduling outages for generating 
unit maintenance and capital improvements. 

Pursuing Diversity in Energy Sources 
and Flexibility in Energy Mix · 

Most electric utilities have learned that 
energy markets are quite unpredictable and 
market forecasts are often wrong. They have 
also learned that too heavy reliance on any 
one energy source can leave them short of 
capacity if the energy source is unavailable 
or facing high cost if the energy source in­
creases sharply in price (as in the case of oil 
in 1 973-74 and 1 979-80) . 

Accordingly; many electric utilities attempt 
to have a mix of energy sources. In addition, 
many electric utilities work to have a mix of 
suppliers and transporters for the fuels that 
they do use so that their customers have the 
benefit of lower fuel costs that generally results 
from competition among suppliers and trans­
porters. 

Power Pools and Economic 
Dispatch of Generating Units 

The majority of the electric utilities in the 
United States are a part of a "power pool." The 
role of power pools is important to those wish­
ing to sell gas to the electric utility industry 
since the operation of power pools has an im­
pact on the need for generating capacity and 
on which of available generating units is actu­
ally used. 

Most power pools are made up by a 
group of electric utilities serving a particular 
region or possibly a state (e.g. , the New Eng­
land Power Pool or the New York Power Pool) 
that voluntarily agree to join together for cer­
tain purposes. Those purposes generally in­
clude such activities as: 

• Planning 

• Scheduling of generating unit and trans­
mission lines for downtime (i.e. , for main­
tenance or construction activities) 

• Most important for this report , the 
economies of: 

- Economic "dispatch" (i .e . ,  bringing on­
line, taking off-line, and the amount of 
load that a unit is called upon to supply) 

- Sharing reserve margins and improving 
reliability. 

Utilities that are a part of a power pool, in 
effect , turn over to the power pool the respon­
sibility for determining which generating 
units are run at which times-just as if all the 
generating units were owned by a single or­
ganization. 

As indicated in Chapter Six, "base load" 
units are generally kept running most of the 
time that they are available. However, they may 
run at less than full capacity. If base load units 
run at less than capacity (perhaps in the mid­
dle of the night) and customers increase their 
demand for electricity; dispatchers operating 
on behalf of the power pool increase the outp:ut 
from the base load units (perhaps by increas­
ing the fuel input) . As demand for electricity 
continues to increase , "cycling" or intermedi­
ate load units are brought on-line. And if de­
mand continues to grow (perhaps on a hot 
weekday afternoon in August!) , "peaking" units 
are brought on-line. 

As demand subsides, peaking and then 
cycling units are taken off-line and, eventu­
ally, base load units are run at a lower level of 
output . 

The incremental cost of producing elec­
tricity from a generating unit is, in general, the 
governing factor used by dispatchers in deter­
mining which unit to bring on-line or take off­
line. The underlying objective is to run the low­
est incremental cost units first and the highest 
incremental cost units last . The concept is 
"economic dispatch" of generating units. 

Incremental cost is the difference in the 
cost of producing electricity from a generating 
unit when it is being run and not run. It consists 
primarily of fuel cost. Thus, hydro and nuclear 
units are generally dispatched first, followed by 
coal-fired units and then, depending upon in­
cremental fuel costs, oil- and natural gas-fired 
units. The relative efficiency with which a gen­
erating unit converts the energy input into elec­
tricity output ("heat rate" in the case of steam 
and gas turbine units) is also a part of the 
equation used in determining the incremental 
cost of producing electricity from a unit. 

Savings resulting from dispatching the 
lowest incremental cost units · first are then 
shared among the utility whose customers 
need the electricity and the utility owning the 
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generating unit that was run to serve the elec­
tricity load. 

Misunderstandings and Miscon­
ceptions About the Electric Utility 
Industry 

Improved communications among organi­
zations in the electric utility and gas industries 
appears to be impeded by a number of misun­
derstandings and misconceptions about elec­
tric utilities' motives, policies and practices. 
These are important because they appear to 
be standing ill the way of productive efforts by 
gas producers, marketers, and pipelines that 
might lead to increased use of gas in electric 
generation. 

The misconceptions are unlikely to be 
overcome until direct communications improve. 
Several efforts now underway to improve com­
munications between the gas and electric in­
dustries should help overcome these misun­
derstandings. 34 

"Electric utilities choose coal rather 
than natural gas because they prefer 
high capital cost generating facilities" 

The logic for this assertion is that utilities 
building high capital cost generating facilities 
have a higher "rate base" upon which to earn a 
return for their shareholders. However, those 
believing this assertion seem to overlook sev­
eral important considerations; e.g. : 

• Most electric utilities have substantial 
needs for capital investments in upgrad­
ing their generating facilities and expand­
ing and upgrading their transmission and 

34 The Interstate Natural Gas .Association of Ameri­
can has created a Power Generation Task Force that is 
working to improve direct communication among senior 
people from the gas and electric generation industries. 
The Gas Committee ofthe National .Association of Regula­
tory Utility Commissioners and the U.S. Department of En­
ergy have sponsored at least one conference where rep­
resentatives of the two industries, along with State and 
Federal regulators, have met to share information and 
views. The Electric Power Research Institute has recently 
published a report on a study of the need for coordination 
between the gas and electric industries. The Edison Elec­
tric Institute has cosponsored forwns over several years 
with the American Gas .Association to improve dialogue 
between the industries and held conferences with the In­
stitute for Gas Technology and Canadian producers. 
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distribution systems and have no interest 
in avoidable capital spending. 

• Investor-owned utilities are subject to  
oversight, and utility commissions are well 
known for their scrutiny of capital invest­
ments and for testing whether facilities are 
"used and useful: '  

• The regulatory oversight process, particu­
larly with the emergence of Inte'grated Re­
source Plans, provides considerable op­
portunity for review by the p ublic ,  
customers, and the commissions. 

Confusing the terms "Rate Base" and 
"Base Rates" 

Outside regulated utilities,  the terms "rate 
base" and "base rates" are often confused­
leading to assertions that utilities increase their 
earnings by increasing their expenditures (e.g. , 
for advertising) . In fact , the two phrases have 
substantially different meanings:3S 

• Base Rate refers to: "That portion of the 
total electric rate covering the general 
costs of doing business unrelated to fuel 
expenses." 

• Rate Base refers to : "The value estab­
lished by a regulatory authority, upon 
which a utility is permitted to earn a spec­
ified rate of return. Generally; this repre­
sents the amount of property used and 
useful in public s ervice and may be 
based on the following values or combina-

. tions thereof: fair value, prudent invest­
ment , reproduction cost , or original cost ; 
and may provide for the inclusion of cash 
working capital , Construction Work in 
Progress, Materials and Supplies,  and de­
ductions for :  Accumulated Provision for 
Depreciation, Customer Advances for 
Construction, and Accumulated Deferred 
Income Taxes and Accumulated Deferred 
Investment Tax Credits: ' 

If one is referring to the base upon which 
earnings are set by a regulatory authority; the 
correct phrase is "Rate Base: ·  

35  These specific definitions are taken from the 
"Glossary of Electric Utility Terms," prepared by the Sta­
tistical Committee of the Edison Electric Institute, July 
1991 .  



"The electric utility industry has a 
'coal bias"' 

This assertion appears to be based on 
some facts and some misconceptions; for ex­
ample, it is quite true that: 

• Coal provides a larger share of energy for 
electric generation than gas and that coal 
remains a serious competitor to gas in the 
electric generation market in large areas 
of the United States (which will be dis­
cussed in more detail below) . 

• Coal producers and transporters (rail­
roads, ship and barge owners, and truck­
ers) have considerably more experience 
in marketing coal clirectly to electric utili­
ties than do gas producers. Coal produc­
ers and railroads often have whole depart­
ments focused on understanding of and 
selling to electric utilities in their market 
areas. 

• Electric generators are motivated by con­
cerns about reliability and coal is per­
ceived as reliable . 

• Some generating plant managers are 
much more comfortable with having an in­
ventory of fuel on site and under their 
control-which is very practical in the 
case of oil and coal, rather than a connec­
tion to a pipeline and a supply of fuel that 
is under someone else's control. 

• Major generation capacity expansion was 
accomplished when large central station 
power plants were in vogue and gas was 
perceived to be in short supply. 

Other bases cited for the "coal bias" as­
sertion appear to be misunderstandings ; for 
example: 

• The alleged "preference for high capital 
cost generating facilities' '  

• The higher share of gas-fired generation 
units planned by independent power pro­
ducers compared to the share among 
units planned by traditional electric utili­
ties. This difference appears explained in 
large part by four factors: 

- The different financial structure used by 
IPPs to fmance their facilities. 

- Different obligations to serve. 

- Many of the coal-fired units planned by 
traditional electric utilities are at exist­
ing coal-frred generating stations. 

- Many of the planned IPP projects are at 
new sites, and in regions of the country 
that are less receptive to coal-frred pro­
jects or where gas transportation costs 
are relatively low. 

"Electric utilities are not (or should 
not be) concerned about fuel costs 
because these are automatically 
passed through to customers .. 

It is true that , in some jurisdictions, fuel 
costs are fully "passed through" to customers 
on a relatively current basis and are not re­
viewed by regulators at the same time as the 
review of base rates.36 However, the assertion 
misses the point that : 

• Electric utilities have an obligation to 
procure fuel at the lowest possible deliv­
ered cost .  

• Fuel costs are a part of the total bill paid 
by electric customers and any utility that 
does not work to hold down its fuel costs 
is asking for trouble from its customers, its 
regulators and its competitors. 

• The reasonableness of fuel costs is sub­
ject to after-the-fact review and disal­
lowance without statute of limitations pro­
tection. 

"Since it takes 'X' years to build a 
coal plant, utilities will have no 
choice, when electricity demand in­
creases, but to build a gas-fired gen­
erating unit if they don't already have 
a coal-fired unit under construction .. 

Construction time for a coal-frred generat­
ing unit at a new ("greenfield'') site would prob­
ably take longer than construction of a compa­
rable size gas-fired combined-cycle 
generating unit . Also,  depending upon the 
area, it may be more difficult and take longer to 
obtain all the necessary permits for the coal­
fired unit . However, this generalization does 

36 This practice has been used quite widely since 
fuel prices became particularly volatile following the 
1973 oil price shock 
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not take into account some very practical con­
siderations, including: 

• The utility involved may have room at an 
existing coal-fired generating station to 
add another coal-fired unit that could be 
built much more quickly. 

· • A utility often has alternatives available to 
delay the time when it must have new 
generating capacity available. Those al­
ternatives may include: 
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- Investing capital or maintenance dollars 
to increase the availability, extend the 

life or delay the planned retirement of 
an existing generating unit 

- Buying a partial interest in a generating 
unit being built by another utility or an 
independent power producer 

- Buying sufficient power to cover the pe­
riod until a new unit can be brought on­
line from another utility or an IPP. 

In fact, these alternatives may be prefer­
able to smooth the transition to the time when 
new generation is required. 



The use of compressed natural gas (CNG) 
as an alternative vehicle fuel in the United 
States presents an excellent opportunity for 
growth for natural gas marketers. Interest in 
clean-burning alternative fuels has been stimu­
lated by the Clean Air Act Amendments of 
1 990 (CAAA'90) and the recently enacted En­
ergy Policy Act of 1 992 .  

BACKGROUND 

Few Americans have ever seen a natural 
gas vehicle (NGV), let alone driven or owned 
one. Other nations have been driving NGVs 
since World War II , when severe petroleum 
shortages curtailed gasoline production. To­
day almost half (about 300,000) of the world's 
700,000 NGVs are found in Italy. By contrast , 
just 32 ,000 NGVs can be found on our roads; 
scarcely 0.01 percent of the total l 80-1 90 mil­
lion vehicles in this country. In its early years, 
the U.S. automobile industry experimented 
with using natural gas and other alternatives as 
a vehicle fuel. But, as petroleum products be­
came increasingly plentiful, accessible, and in­
expensive, natural gas and other fuels were for 
the most part pushed aside. Thus our trans­
portation systems became petroleum-based 
(predominantly gasoline and diesel fuel) . 'IWo 
oil embargoes and several price spikes later, 
petroleum prices and security of supply are 
still major issues along with the more long-term 
concern of the environmental problems associ­
ated with tailpipe emissions. 

There are a number of alternatives to 
gasoline. Among them are methanol, ethanol, 
liquefied petroleum gas, liquefied natural gas, 
solar energy; electricity, and natural gas. Now; 
and in the future, these alternatives must com­
pete with each other and with the several refor­
mulations of gasoline currently being tested. 
The relative success of these alternatives de­
pends on numerous factors, including safety, au­
tomobile performance, the ability to adapt the 
distribution and marketing system, environmen­
tal impacts, economics of both fuel and vehicle, 
public acceptance, and technology change. 

Throughout the 1 970s and the 1 980s the 
federal government, largely under the auspices 
of the U.S. Departments of Energy and Trans­
portation, developed alternative fuel research 
programs, primarily emphasizing methanol, 
ethanol, and electric cars. Currently, however, 
the CAAA'90 provides a market stimulus for al­
ternative fuels . Among other things , the 
Amendments mandate that ,  in the 22 cities 
where ozone is most serious (see Table 6- 1 ) ,  
fleets of 10  or more vehicles must begin pur­
chasing clean-burning vehicles by model year 
1 998 .  Thirty percent of new centrally fueled 
light duty vehicles (those below 3 ,750 pounds 
gross vehicle weight) and 50 percent of the new 
trucks (up to 2 6 , 000 pounds gross vehicle 
weight) will be required to operate on clean­
burning alternative fuels. Further, strict new 
emission standards for both public (govern­
ment) and private ( commercialfmdustrial) fleet 
vehicles will encourage clean fuel technologies. 
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TABLE 6-1 

22 METROPOLITAN AREAS AFFECTED BY THE CLEAN AIR ACT AMENDMENTS 
CLEAN-FUEL FLEET PROGRAM (NONATTAINMENT AREAS) 

1 980 1 990 
Environmental Population Population 

Metropolitan Area Criteria* (1 ,000) (1 ,000) 

Atlanta, GA 3 2, 1 38 2,833 
Bakersfield, CA 3 403 543 
Baltimore, MD 2 2, 1 99 2,382 
Baton Rouge, LA 3 494 528 
Beaumount, TX 3 373 364 
Boston, MA (CMSA) 3 3,972 3,783 
Chicago/Gary, IL/IN 2 7,937 8,065 
Denver/Boulder, CO 4 1 ,61 8 . 1 ,848 
El Paso, TX 3 480 591 
Fresno, CA 3 51 5 667 
Hartford, CT (CMSA) 3 1 ,01 4 1 , 1 23 
Houston/Galveston, TX 2 3, 1 00 3,71 1 
Huntington/ Ashland, 

WV/KY/OH 3 336 322 
Los Angeles, CA (CMSA) 1 ,4 1 1 ,498 1 4,531 
Milwaukee/Racine, WI 2 1 ,570 1 ,607 
New York, NY/NJ (CMSA) 2 1 7,540 1 7,953 
Philadelphia, PA/NJ/DE 

(CMSA) 2 5,641 5,899 
Providence, AI (CMSA) 3 1 ,083 91 6 
Sacramento, CA 3 1 , 1 00 1 ,481 
San Diego, CA 2 1 ,862 2,498 
Springfield, MA 3 5 1 5  602 
Washington, DCIMDN A 3 2,350 3,923 

* 1 =Extreme Ozone Nonattalnment; 2=Severe Ozone Nonattalnment; 3=Serious Ozone 
Nonattainment; 4=Carbon Monoxide > 1 6.0 ppm. 

NGVs are expected to compete effectively with 
other clean fuels in this new environment. 

POTENTIAL MARKET 

As a result of the CAAA'90, the transporta­
tion sector can be expected to increase its con­
sumption of natural gas. Specifically, Title n of 
the Act contains provisions affecting virtually 
every type of vehicle in the nation's transporta­
tion system, as the legislation calls for more 
stringent emission standards beginning in 1 994 
for conventional and diesel-powered vehicles. 
This regulation provides the natural gas indus­
try with a substantial opportunity to promote its 
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compressed natural gas technology and to as­
sist NGVs in overcoming existing constraints. 
Fleet operators who buy more or cleaner vehi­
cles than required by the CAAA'90, or earlier 
than specified, will be given tradable credits 
that can be saved or sold to other fleets within 
the same nonattainment area. 

There are an estimated 30 million fleet ve­
hicles in the United States, over one-third of 
these are located in Nonattainment Areas (see 
Thble 6-1) .  In 1 990 there were nearly 1 7 .6 mil­
lion automobiles and t rucks up to 2 6 , 000 
pounds. Of these, an estimated 9 . 7  million 
were in fleet applications that are considered to 



be highly compatible with CNG as a vehicle 
fuel (Table 6-2) . Urban transit and school 
buses, taxis, delivery trucks and vans all fall 
within the fleet category. By 1 999 the percent­
age of new purchases will increase to 50 per­
cent and grow to 70 percent in 2000 and be­
yond. Recent estimates indicate that federal 
and state initiatives will require 1 .3 million vehi­
cles to run · on clean fuels by the end of the 
decade. In this changing environment , NGVs 
are anticipated to be in a good competitive po­
sition to gain market share. Current EIA data 
shows that only 0.4 billion cubic feet (BCF) of 
natural gas was consumed for vehicle fuel in 
1 99 1 .  Several projections have been released 
recently that have NGV consumption increasing 
to nearly 200 BCF annually by the year 2000, or 
nearly 1 percent of a projected total natural gas 
consumption of 2 1 .9 trillion cubic feet (TCF) in 
2000 according to the U.S. Energy Information 
Administration's (EIA) most recent forecast . 
Other projections are not as optimistic ; the 
NPC's own model suggests a market of 50 BCF 
by the year 2000 rising to 1 40 BCF in 20 1 0 , 
while the Gas Research Institute's natural gas 
consumption estimate for NGVs contains 1 79 
BCF by 2000 and 497 BCF in the year 20 10 .  

There are also about 58,000 public transit 
buses operating in U.S. cities. In large metropoli-

tan areas, there is an average of 250 transit buses 
per million people. On this basis, there would be 
about 3 1 ,7 00 buses in metropolitan areas with 
populations greater than 750,000. These buses 
could be required to use clean-burning alterna­
tive fuels if they are unable to meet or maintain 
strict 1 994 particulate emission standards with 
diesel technology. Many of these vehicles and 
diesel powered locomotives are prime candi­
dates for the use of liquefied natural gas (LNG) in 
order to meet alternative fuel requirements. Sev­
eral tests and research efforts are underway to 
best adapt LNG to diesel motors. 

Legislative Impetus 

In addition to the already defined require­
ments of the CAAA'90,  the Energy Policy Act of 
1 992 (EPACT) contains alternative fuel require­
ments. This legislation, primarily a by-product 
of the Department of Energy's National Energy 
Strategy, has specific requirements and timeta­
bles, along with either subsidies, tax incentives, 
or research and demonstration funds to pro­
mote alternative fuel use. 

Examples: 

• EPACT promotes greater use of clean­
burning natural gas by expediting li­
censing procedures for construction of 

TABLE 6·2 

1 990 FLEET VEHICLE STOCK AND AFFECTED-AREA SALES (1 ,000 VEHICLES) 
Nonattainment 

Area 1 990 Sales 
Sales In 

Compressed cant. 
Total Natural Gas- Total u.s. Attain-
u.s. Compatible u.s. Except ment 

Fleet Vehicle Type Stock* Stockt Sales CA CA Areas 

Automobiles 1 0,592 5273 221 .0 51 .9 1 6.4 8.4 
Light-Duty Trucks 2,985 2,985 378. 1 86.9 28.6 1 4.7 
Medium-Duty Trucks 1 , 1 55 733 8.7 2.1  0.7 0.3 
Heavy-Duty Trucks 2,913  71 8 53. 1 1 2.3 4. 1 2.1 

Total 1 7,645 9,709 660.9 1 53.2 49.8 25.5 

* In fleets of 1 0  or more vehicles (from 1990 Fleet Fact Book). 
t Not exempt, centrally fueled, and travel less than 90 miles/day. 
NOTE: Certain fleets are exempt from the regulation, including rental vehicles, law enforcement and emergency 

vehicles, and vehicles held for sale. 
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interstate gas pipelines, facilitating gas 
producers' market access, and eliminat­
ing regulatory barriers to greater use of 
natural gas in motor vehicles. 

• EPACT calls for the development and use · 
of clean-burning alternative motor fuels 
by: requiring government and large pri­
vate fleets to use alternative fuels; setting 
up electric and electric-hybrid vehicle 
demonstration programs; and providing 
fmancial support for demonstrations of al­
ternative fuel use by urban mass transit 
systems. 

• EPACT requires DOE to ( 1 )  publish a list of 
all private and government alternative fuel­
ing facilities that are or could be made 
available to the public, and (2) require, be­
fore 1/1/93, any organization regulated un­
der state law as a natural gas utility and 
any interstate natural gas pipeline com­
pany to make their alternative fueling facil­
ities available to the public. 

• EPACT promotes state and local incen­
tives programs and authorizes DOE to 
provide information, technical assistance, 
and financial assistance to states to imple­
ment plans for ensuring that substantial 
numbers of alternative fuel vehicles are in 
use by 2000. 

• Federal Fleets. Requires the federal gov­
ernment to acquire 5,000 alternative fuel 
vehicles in 1 9 9 3 ,  7 , 500 in 1 9 9 4 ,  and 
1 0,000 in 1 995. Beginning in 1 996, a min­
imum percentage of the vehicles ac­
quired in any year by e ach federal 
agency; including the Congress, must be 
alternative fuel vehicles. By 2000 , nine 
out of every ten fleet vehicles acquired by 
a federal agency must be alternative fuel 
vehicles .  The federal government ex­
cluding the Defense Department pur­
chases approximately 50,000 new vehi­
cles a year. 

• State Fleets. Requires states that have at 
least 50 fleet vehicles statewide and at 
least one fleet of 20 or more vehicles in a 
metropolitan statistical area with a _ 1 980 
Census population of 250,000 or more to 
begin acquiring alternative fuel vehicles 
for fleets in such areas beginning in 1 995. 
By 2000, nine out of every ten fleet vehi-
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cles acquired by a state for use in such 
areas must be alternative fuel vehicles. 

• Incentives. Requires states to consider 
adopting measures to promote the use of 
alternative fuel vehicles and to report to 
the Secretary of Energy on measures 
considered or adopted. 

• School Bus Funding. Authorizes the Sec­
retary of Energy to provide fmancial as­
sistance to States and municipalities to 
help pay the incremental cost of buying 
and using alternative fuel school buses. 

The Natural G as Vehicle Co alition 
(NGVC) estimates that if the entire 30 million 
fleet vehicles now operating in the U.S .  
switched to natural gas, an additional 2 TCF 
would be required per year. Admittedly these 
are ambitious and some may say unrealistic 
estimates, but they do serve the purpose of 
defining an area of great market potential. 

Several attributes may make CNG the fuel 
of choice for fleet usage. Gasoline-powered 
engines can be converted relatively easily and 
pre-1 988 conversions may be applied as cred­
its to meet the 1 998 CAAA'90 clean-fuel fleet 
requirements. CNG fueled vehicles are the 
cleanest alternative fuel (at the tailpipe) , after 
electric powered vehicles, generating up to 7 5 
percent less carbon monoxide than oxy­
genated gasoline. Natural gas generally ap­
peals to notions of U.S. energy security in light 
of ready access to both domestic and North 
American (Canadian) supplies. 

Natural gas consumption as a vehicle fuel 
to reduce emissions is likely to face extreme 
competition from liquid alternatives to co:aven­
tional gasoline. In response to the CAAA'90, 
oil companies are working on ways to reformu­
late current fuels and gasoline to reduce harm­
ful emissions. Many are beginning to test a se­
ries of fuels. The new fuels will include a 
reformulated diesel, a methanol mix, and un­
leaded gasolines. The first phase of the pro­
gram began in Southern California where 
ARCO marketed a motor gasoline and new 
diesel fuel at selected area service stations. 
The fuel is intended to meet stricter Environ­
mental Protection Agency standards sched­
uled to take effect in 1 993 in Southern Califor­
nia, Los Angeles, and San Diego, and in 1 995 
in seven other selected metropolitan areas 
(Table 6-3) . 



TABLE 6-3 

SERIOUS OZONE NONATTAINMENT AREAS 

Metropolitan Area or 
Consolidated Metropolitan Area 

Los Angeles-Anaheim-Riverside, CA 
Houston-Galveston-Brazoria, TX 

Ozone Nonattainment 
Classification 

New York City-New Jersey-Long Island, NY-NJ-CT 
Baltimore, MD 

Extreme 
Severe 
Severe 
Severe 

. Severe Chicago-Gary-Lake Co., IL- IN-WI 
San Diego, CA 
Philadelphia-Wilmington-Trenton, PA-NJ-DE-MD 
Milwaukee-Racine, WI 

Severe 
Severe 
Severe 
Severe Hartford-New Britain-Middletown, CT 

OBSTACLES TO GROWTH 
OF NGVS 

In the real world of the U.S. marketplace, 
in order for natural gas to increase its use as a 
vehicular fuel by the year 20 1 0  the natural gas 
industry must overcome several obstacles.  
Among these are infrastructure, vehicle avail­
ability and use , safety, and market growth 
strategies. 

Infrastructure 

The widespread use of CNG as a trans­
portation fuel would require expansion of the 
current natural gas delivery infrastructure , 
largely through the addition of refueling sta­
tions. 

The approximately 32,000 CNG vehicles 
in use in the United States are supported by a 
network of 530 private refueling stations lo­
cated in 48 states. However, less than 200 of 
these stations offer CNG for sale to the general 
public and some of these by appointment only. 
The current 530 refueling stations represents a 
50 percent increase over the number operating 
in 1 990 and according to the NGVC, the num­
ber of stations offering CNG should continue to 
grow in 1 993. 

There are two basic types of CNG refuel­
ing stations: slow-fill and fast-fill. The slow-fill 
station uses a compressor and little or no stor­
age capacity to refuel vehicles. Slow-fill sta­
tions are typically used for fleet operations 
where vehicles are idle in a single location for 

several hours, usually overnight. Initial capital 
cost for slow-fill stations is typically lower than 
fast-fill stations. 

A fast-fill CNG refueling station is basically 
the same as a slow-fill station except that un­
derground storage capacity is added to allow 
refueling in a very short time similar to a gaso­
line refueling station. The compressor in fast­
fill stations must be sized to handle peak vehi­
cle refueling demand without falling behind. 
These output requirements do require signifi­
cant capital costs, usually totaling $200 ,000 to 
$300,000 . 

Most natural gas vehicles currently in use 
suffer from having a limited range of between 
1 00 and 200 miles. This characteristic makes 
the need for an increase in number and acces­
sibility of refueling facilities critical to the ex­
panded use of NGVs. The American automo­
tive consumer will demand the same 
dependability, convenience, and flexibility that 
they have come to expect from gasoline pow­
ered vehicles. Along these lines the Gover­
nors of LA, NM, AR, OK, KS, and AZ accepted 
Texas Governor Ann Richards's invitation and 
formerly agreed to work on a proposal to cre­
ate an interstate fueling network for natural gas 
vehicles. CA, UT, NV; and CO also have been 
invited to participate. The initial effort will be 
on Interstate 1 0 ,  which is being dubbed the 
"natural gas highway" and runs from Lake 
Charles, LA to San Bernardino, CA covering al­
most 2 1 00 miles. 
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Vehicle JlvailabWty and Use 

A key factor in promoting the increase of 
NGV refueling infrastructure is to increase the 
number ofNGVs in use. Some have described 
this as the "chicken and egg" problem be­
cause it is unclear which comes first, the refuel­
ing stations or the NGVs. The majority of the 
NGVs currently in use in the United States are 
conventional gasoline or diesel engines that 
h�ve been retrofitted to run on CNG. 

The current cost of retrofitting a passenger 
car for dual-fuel use ranges from $2 ,000 to 
$4,000. Conversion prices are highly dependent 
upon the type of conversion equipment selected, 
and the number and type of storage cylinders 
placed on the vehicle. CNG cylinders increase 
in price as their dimension (storage capacity) 
and service pressures increase. Cylinder prices 
also vary by cylinder material; conventional steel 
is the least expensive, followed by composite 
steel and composite aluminum. 

The big three auto makers appear to get­
ting actively involved: 

• A consortium of Western natural-gas utili­
ties is providing $1 .7  million to fund in part 
the production of fleet NGVs, which will 
be sold through selected General Motors 
Company (GMC) dealers in California, 
Colorado, and 'Iexas. The dealers plan to 
emphasize sales to commercial fleets and 
the goal is to deliver over 2,000 vehicles 
by 1 995. The vehicles will be warranted 
and serviced by the GMC 'Ihlck division. 

• Chrysler Corporation will build a total of 
600 1 992 and 1 993-model year passenger 
vans that run on natural gas for the General 
Services Administration (GSA) .  Those ve­
hicles are part of a project sponsored by 
GSA and the Department of Energy. 

• This year, Ford Motor Company will build 
a demonstration fleet of 1 00 CNG pickup 
trucks. Another 200 to 600 unit fleet is 
scheduled for 1 993. These steps follow a 
five-year field-test program of 27 CNG 
Ranger pickups produced in 1 986. 

Initial growth in the number of vehicles 
will most likely continue to come through the 
retrofit and dual fuel vehicle conversion proce­
dure. Several efforts are underway to promote 
converting vehicles to use CNG. One of the 
most active participants in this effort is T. Boone 
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Pickens, whose Mesa Energy Group recently 
purchased a majority interest in Cleanfuels, 
Inc. , a natural gas fuel system manufacturer. 
Earlier this year Mesa began offering to con­
vert fleet vehicles in the Phoenix, Arizona area 
at no cost if the operator agreed to a long-term 
natural gas purchase contract . In the regula­
tory area, in July the Federal Energy Regulatory 
Commission (PERC) signed a rule to boost the 
use of natural gas as a vehicular fuel. The 
PERC rule automatically authorizes limited 
blanket certificates for CNG sales for resale. It 
states that sellers of CNG would not jeopardize 
their current regulatory classification, i.e. , Hin­
shaw exemptions. 

Safety 

Many state and local safety officials view 
natural gas in a guarded and cautious sense. 
Detailed accident data for NGVs are sparse. 
Within the existing data, few fire and explosion 
accidents have been reported. A recent study 
in New York concluded that NGVs are even 
safer than gasoline powered vehicles and, con­
sequently, the majority o f  New York state 
bridge and tunnel restrictions were removed. 
New fuel cylinder technology is state of the art, 
and in addition to reducing the weight of the 
storage units they have performed extremely 
well in several controlled tests. The majority of 
data on the subject conclude that nothing 
should preclude the safe use of NGVs. An ad­
ditional benefit of the new cylinder technology 
is a significant increase in the useful life of the 
equipment to over 50 years under normal use 
with periodic inspections. 

Market Growth Strategies 

In the near term ( 1 993-98) the market for 
compressed natural gas in fleet vehicle appli­
cations appears to be the most advantageous. 
This segment of the vehicle market is directly 
impacted by the CAAA'90, the EPACT, and the 
California Low Emission Vehicle Regulations 
(CLEV). Several other states-primarily in the 
Northeast-have taken steps to adopt similar 
standards (CLEV) and timetables. This ap­
proach also goes a long way toward building a 
refueling infrastructure: fleet vehicles return to 
the same location at the end of a normal work­
day, reliable data on fuel needs can be devel­
oped and maintained, and numerous vehicles 
can be refueled at one location by either fast or 



slow fill applications. This segment of the po­
tential market will also be best equipped and 
predisposed to absorbing the initial costs in 
converting to CNG powered vehicles. In most 
cases, a fleet vehicle operator should be in the 
position to acqujre the natural gas service at a 
competitive rate for their market area. This 
competitive rate coupled with the existing rules 
that allow CNG to be sold as a motor fuel with­
out imposing road use taxes, which can range 

from 25 to 40 cents a gallon of gasoline, gives 
CNG the distinct competitive advantage that is 
needed during the phase-in period. In addi­
tion to marketing strategies, several industry­
wide programs should be initiated and devel­
oped. These should include working with auto 
manufacturers to support NGV development, 
increasing refueling facilities, and encouraging 
all segments of the natural gas industry to be­
come leaders in the use of NGVs. 
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CURRENT STATUS 

Natural gas is increasingly seen as the fuel 
of the future, not only in the United States but 
throughout most of the populated world. There 
are a number of reasons for this view. The 
world reserve of natural gas recoverable by 
conventional technology is plentiful for the fore­
seeable future . Thus, this clean energy re­
source will remain competitively priced. Total 
world reserves that will be available via new 
production technologies are estimated to be 
many times the presently recoverable reserves, 
so the long-term potential is assured. 

In the United States, a large natural gas re­
source exists so that it is seen as a secure 
source of energy. safe from the political unrest 
around the world. Extended consumption of 
natural gas will contribute to a positive balance 
of trade and jobs in the United States, as op­
posed to imported oil energy. The positive en­
vironmental benefits associated with natural 
gas-it is the most environmentally clean fossil 
fuel available-represent a major justification 
for national policies enhancing and encourag­
ing its consumption. 

The future for natural gas is bright. How­
ever, for natural gas to fu1fi11 its role in the U.S. 
energy picture, the technologies related to its 
distribution and end use must continue to 
evolve. Today, the technologies required to 
capture the total benefit of natural gas are not in 
place. Further, efforts underway are not suffi­
cient for natural gas to reach its potential in the 
national energy mix in a timely fashion. A ro-

RT 

bust research, development , and demonstra­
tion (RD&D) program is required and the cur­
rent collective efforts to provide such a pro­
gram are inadequate. An even more serious 
problem is a history of minimal commercializa­
tion and marketing efforts aimed at implement­
ing the successful RD&D results. 

As an overview of the RD &D efforts , 
Table 7- 1 summarizes the funding estimated 
for 1 992 .  

The shortcomings of this funding, as well 
as other related issues, are discussed at length 
in the NPC Focus Group Report , Understand­
ing Barriers to and Opportunities for Increasing 
Natural Gas Consumption, (see Appendix C of 
Volume V) .  That report concludes that the gas 
industry must improve its ability to commer­
cialize its new technology. To accomplish that 
goal requires that: the role of RD&D be recog­
nized and adequate support provided; the in­
dustry become market-driven; the needs of 
customers receive primary attention; and reg­
ulatory bodies encourage rather than discour­
age the above. 

OPPORTUNITIES AND NEEDS 

The markets for natural gas can be classi­
fied as being for new or existing applications. 
The existing market is well-established, the 
benefits are easily definable, and a portion of 
the RD&D funds discussed earlier are gener­
ally directed toward those markets. However, 
the major concern is with new markets that 
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TABLE 7·1 

NATURAL GAS TECHNOLOGY DEVELOPMENT 
1992 GAS.RELATED R&D INVESTMENT 

(Millions of Dollars) 

Supply 

Companies 

Producers $222 
Service Companies 1 1 3 
Transmission Companies 0 
Distribution Companies 0 
Equipment Manufacturers 5 

Subotal $340 

Associations 

GRI $55 
Other 0 

Subtotal $55 

Government 

DOE $1 3  

Total $408 

need innovative RD&D and commercialization 
efforts. 

The major new markets for natural gas 
now being explored are natural gas powered 
vehicles (NGVs) , cooling, power generation, 
and selected industrial applications. Each of 
these specific markets offers environment and 
efficiency benefits, but each also benefits gas 
company operations in that they tend to im­
prove annual gas load factors; i.e . ,  they balance 
the summer to winter delivery requirements, 
increasing overall delivery efficiency. Similarly, 
gas heat pumps and commercial applications 
provide these benefits, although their overall 
market potential may be smaller. 

As discussed in Chapter Six, the NGV 
market is a potentially large market for natu­
ral gas. Presently, only a fraction of one per­
cent of the vehicles in the United States oper­
ates on natural gas and most of these are 
utility-owned and operated vehicles. Major 
obstacles to the successful marketing of natu­
ral gas vehicles include the lack of a fueling 
infrastructure and the development of a com­
plete line of natural gas-specific engines. An­
nual RD&D funding in NGVs is estimated to 
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Trans. Dlstrlb. End Use Total 

$0 $0 $0 $222 
0 0 0 1 1 3 
1 0 0 1 
0 9 34 43 
2 2 95 1 04  

$3 $1 1 $129 $483 

$17 $1 3 $81 $166 
4 1 2 7 

$21 $14 $83 $173 

$0 $0 $81 $94 

$24 $25 $293 $750 

be in the range of $25 to $50 million, equally 
split between the gas industry and the en­
gine/equipment manufacturers. 

The power generation market is another 
potentially large market for natural gas, as 
discussed in Chapter Five. Approximately 25 
quadrillion BTU of energy inputs are required 
annually for power production. Natural gas 
now supplies only about 1 0 percent of that to­
tal, down from almost 25 percent in the early 
1 970s. Major opportunities for new gas tech­
nologies include fuel cells , cogeneration 
units, combined-cycle power units, and re­
burning/post-combustion systems using natu­
ral gas. Due to the very high cost of develop­
ing, evaluating, and demonstrating these 
technologies, RD&D and commercialization 
funding falls very short of those needed. 

Natural gas cooling is a lesser market than 
those mentioned above; however, it currently 
has nearly zero penetration. Its development 
suffers from a common problem to gas appli­
ances, the lack of incentive for "fuel neutral" 
manufacturers to make the investment required 
to introduce new equipment. This is especially 
true as appliance manufacturers are tradition-



ally low margin companies and cannot invest 
meaningful RD&D funds. 

In the industrial sector, selected markets 
currently do not have gas technology as an op­
tion. These markets aie very diverse and often 
very specific in terms of the technologies re­
quired. As in the appliance area, the equip­
ment manufacturers are "fuel neutral" and fi­
nancially weak. Industry drives are tending 
toward quality and convenience issues often at 
the expense of efficiency. Overall, the indus­
trial sector consumes about 25 quadrillion BTU 
of energy annually with gas providing about 35 
percent of that total. 

The RD&D resources brought to bear on 
the existing applications are primarily Gas Re­
search Institute (GRI) funds and industry funds, 
although manufacturers are participating in 
RD&D. As mentioned earlier, however, many 
equipment manufacturers do not have the fi­
nancial or manpower resources to introduce 
newer concepts and technologies. Incremental 
improvements are typical. Also, as mentioned, 
the equipment manufacturers are fuel neutral 
and typically produce competing electric 
equipment. 

The distribution operations area has 
RD&D needs in addition to the end-use area. 
RD&D funds for improved metering, materials 
of construction, safety, etc. , come almost solely 
from the industry and GRI. Efficient and safe 
operations by the gas industry are almost taken 
for granted, but technological improvements 
are continually needed to assure that situation 
continues. 

PARTICIPANTS 

Of the several hundred local distribution 
companies (LDCs) in the United States, only a 
handful have RD&D departments/groups per se. 
Those that do have relatively limited budgets 
and typically support RD&D directed toward 
specific end-use markets within their operating 
territory. These few active companies often ad­
dress the larger market potentials through in­
dustry associations as described in the next sec­
tion of this report . In aggregate the LDCs 
provide about $45 million in RD&D funds with 80 
percent directed toward end use with the re­
mainder directed toward operational issues. Of 
the end use total, almost zero is directed toward 
basic research, a modest share in applied 

RD&D, and the major share related to demon­
stration activities. In the operational area, almost 
all the available funds are directed toward ap­
plied RD&D activities. Very little technology 
transfer or commercialization activities are pro­
vided for by IDCs in the operations area, which 
reflects their very conservative nature. 

There are several industry associations 
that collect gas industry funding support via 
various mechanisms. The GRI is by far the 
largest such association in terms of funding, 
programs, and staff. In brief, the associations 
are as follows. 

• Gas Research Institute 

The GRI was established to plan and fund 
an industry-wide contract RD&D effort on 
behalf of the overall gas industry. Its pro­
gram is develope d  with input from a 
broad cross-section of the gas industry's 
technical and marketing resources. Its 
funding is provided primarily through a 
surcharge on interstate gas sales and its 
program is reviewed and approved by the 
Federal Energy Regulatory Committee 
(FERC) . The portion of GRI funding des­
ignated for basic , crosscutting, end-use, 
and operational rese arch , represents 
about $ 1 00 million. The details of the GRI 
program are contained in their five year 
Research and Development Plan and Pro­
gram issued annually. 

• New York State Gas Association (NYGAS) 

NYGAS is an association of IDCs located 
in New York state. One of its activities is 
the sponsorship of contract research with 
similar goals as the GRI, but directed at 
New York state gas technology issues. 
Funding is obtained through a formula 
based on gas sales and meters. NYGAS 
provides about $3 million for RD&D activi­
ties split about 70/30 end use to opera­
tional, with a minimal amount for supply 
research. 

• American Gas Cooling Center (AGCC) 

The AGCC is an industry-sponsored cen­
ter set up to support commercialization of 
emerging gas cooling technologies. The 
AGCC is supported by gas company 
memberships and has the ability to sup­
port  technical and m arket surveys . 
AGCC is located and operates from the 
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American Gas Association offices and has 
two full-time professional staffers. 

• Natural Gas Vehicle Coalition (NGVC) 

The NGVC is an industry-sponsored orga­
nization designed to expand the commer­
cial availability and use of natural gas ve­
hicles .  The Coalition is comprised of 
interested gas companies and vehicle, en­
gine, and equipment manufacturers. Al­
though the Coalition charge allows it to 
participate in any fashion it deems neces­
sary to accomplish its mission, it currently 
is providing primarily promotion, govern­
ment relations, marketing, and standards 
support. 

• Industrial Gas 'Jechnology Commercial­
ization Center (IGTCC) 

The IGTCC is an industry-sponsored or­
ganization organized to evaluate new in­
dustrial end-use technologies, target mar­
keting, and communication programs to 
locate sites for demonstrating new tech­
nologies ,  and to  arrange the actual 
demonstrations. The IGTCC is supported 
by gas company membership and, in ad­
dition, solicits funds for individual demon­
stration programs. The level of demon­
stration funding varies widely year to year, 
but on average it ranges from $500,000 to 
$ 1  million. 

Although funding is a major issue , the 
most difficult problem is finding coopera­
tive demonstration site partners. 

• International Energy Agency (lEA) 

The lEA is an international organization 
set up to bolster cooperation among the 
2 1  member countries to increase energy 
security through energy conservation, de­
velopment of alternate energy sources 
and energy RD&D. 

Almost one-third of the demand/end use 
RD&D funds, about $ 1 00 million, comes from 
the manufacturers of residential and commer­
cial appliances, industrial furnaces, power gen­
eration equipment, and vehicles. This RD&D is 
almost exclusively applied technology devel­
opments or marketing efforts. Thchnology de­
velopments are typically incremental improve­
ments of existing equipment lines. The benefit 
of manufacturer RD&D is the marketing and im­
plementation capabilities of these companies. 
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However, the resources for RD&D, funding and 
manpower, especially in the appliance and fur­
nace areas, are limited, and in today's eco­
nomic climate, on the decline. The power gen­
eration and vehicle markets are more robust, 
but overall, the incentives for developing natu­
ral gas equipment over alternate choices are 
limited. 

The manufacturers of instrumentation and 
equipment for gas distribution system opera­
tions are typically driven by larger markets 
than provided by the gas industry. Develop­
ment of new plastic piping materials is one ex­
ception, with manufacturer RD&D funding sup­
porting a continuing line of new products. 

The government supports RD&D funding 
for gas end-use technologies at both the fed­
eral and state levels. On the federal side, DOE 

· support for end-use related technologies is 
about $80 million in 1 99 2 .  The majority of 
these funds, about $60 million, were directed 
toward fuel cell development (both coal and 
gas-derived fuels) . Further detail of the DOE 
RD&D for natural gas can be found in DOE's 
Natural Gas Strategic Plan and Multi-Year Pro­
gram Crosscut Plan FY 1 993-1 998, April l 992. 

Other government agencies and depart­
ments such as the Department of Defense, De­
partment of Commerce, Environmental Protec­
tion Agency, etc. , also provide minor RD&D 
funding for natural gas. This funding is project 
specific, however, and is not coordinated to any 
overall strategy. 

Several states fund energy research, such 
as the Pennsylvania Energy Office and the New 
York State NYSERDA program. Also on the 
state level, several programs exist to enhanc� 
industrial development in that state. 'Ib the ex­
tent natural gas technologies may play a role in 
such industrial development , funds are di­
rected to that specific industrial technology. 

International companies and organizations 
contribute to the ga8 RD&D resource base, al:­
though their RD&D is obviously not directly tied 
to U.S. technologies or needs. Foreign gas 
companies such as Osaka G as,  Tokyo Gas, 
British Gas; Gas Unie (Holland) , and Gaz de 
France have robust RD&D programs in aggre­
gate equal to or greater than the collective U.S. 
programs. As natural gas is an energy source 
with world-wide appeal, successful technology 
developments will have world-wide markets. 



Most of the foreign programs are sharing re­
sults through GRI associate membership. 

Regulation plays an essential role in the 
RD&D funding resources in the United States. 
At the federal level, the role of the FERC in the 
GRI budget process has already been dis­
cussed. However, federal energy strategy and 
funding is a critical issue . Over the past 1 3  
years the budget for the Fossil Energy Office of 
DOE has varied between about one-quarter 
billion to one and one-quarter billion dollars. 
The percentage of funds allocated to natural 
gas has been between two and six percent of 
that total. Coal and nuclear research have 
dominated the budget despite natural gas pro­
viding more than 20 percent of the energy con­
sumed in the United States In addition, gas is a 
domestically abundant resource. 

Many industries in the United States rely 
on the federal government and/or a pooling of 
research funds for much of their RD&D effort . 
Agriculture has been a major beneficiary of 
government-sponsored research and develop­
ment, and has achieved major technology de­
velopment. The medical indtistry has the Na­
tional Institute of Health . The commercial 
aircraft industry has benefited from NASA (N a­
tiona! Aeronautics and Space Administration) 
and the Defense Department. The electric. util­
ities have much support from DOE. 

Government can help facilitate the transfer 
of technology as well as help advance technol­
ogy development. The full impact of a techno­
logical development can only be realized when 
it has been applied to all appropriate applica­
tions. To achieve this, the technology must be 
transferred to the industry and its customers. 
The government can assist in this transfer of 
technology in many ways, including· demon­
strations, purchase for its own use, tax benefits, 
subsidization of early market activities: etc. 

The role of the federal government in co­
operative RD&D with the natural gas industry 
is recognized as critical in achieving the tech­
nology advancement necessary to expand its 
contribution to the national energy mix. In a 
report by Washington Policy Analysis 0/VPA) , 
US. Natural Gas: An Investment Strategy for En­
ergy and Environment ( 1 992) , it is pointed out 
that one of the specific actions in connection 
with natural gas that was called for in the 1 99 1  
National Energy Strategy (NES) is to "conduct 

government-industry cost shared RD&D of 
new technologies." The WPA report concludes 
benefits from such cooperative RD&D would 
provide clear and direct returns to the U.S. 
economy within three years with long-term en­
vironmental and energy security benefits as a 
bonus. 

A second report , US. Department of En­
ergy, Ten Year Funding Recommendations by 
the Natural Gas Industry (April 1 99 1 ) recom­
mends a $2 .5 billion long-term ( 1 0  year) pro­
gram emphasizing the key natural gas tech­
nologies needing government funds to 
augment the industry funding. This plan calls 
for an average of about $200 million per year in 
utilization technology support and about $50 
million in supply technology support. 

Cooperative research will help establish 
ties that can lead to solutions that are better for 
both parties and hence help ensure a stable fu­
ture energy supply. Joint research is likely to be 
an improvement over government research 
conducted with little or no industry participation 
and an assurance of better project selection. 

On the state side, the current regulatory 
process requires local distribution companies 
to support expense levels, including RD&D be­
fore these expenses can be included in the 
rates charged to consumers. Many intervenors, 
especially those that represent electric utilities, 
residential consumers, small businesses, and 
large industrial customers, participate 

'
in the 

regulatory proceedings. These intervenors will 
test the purpose and level of any expenditure 
by attempting to measure, in some manner, the 
benefits accruing to their clients as a result of a 
utility incurring that expense. Therefore, an 
IDC's cost recovery is generally restricted to 
RD&D programs that can readily demonstrate 

· benefits to consumers. 

Historically, state public utility commis­
sions (PUGs) have accepted federally ap­
proved rate levels and have allowed IDCs to 
pass these costs on to their customers. In re­
cent years the charge included in an IDC's gas 
cost from its gas supplier for the funding of the 
Gas Research Institute has generally been al­
lowed cost recovery without major debate. 

Local residential consumer advocates are 
currently intervening and actively participating 
in the debate on GRI funding at the federal 
level. Their arguments mirror those on the 
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state level; i .e. , what are the benefits that will re­
sult to residential consumers as a result of GRI 
funding? The PUCs are likely to consider any 
additional recovery for RD&D programs funded 
directly by the LDC, in the context of the exist­
ing contribution to the GRI. 

The focus group for state public utility 
commissioners indicated a belief that RD&D is 
very important to increasing demand. They 
support the view that the GRI has done a good 
job of new product development, but the com­
mercialization effort needs strengthening. 

The focus group for state PUC staffs indi­
cated a general view that research, develop­
ment, and commercialization is essential to in­
creasing demand, but they questioned the 
commitment of the industry to new products. 
The high initial costs of new gas-fired technolo­
gies were viewed as an impediment , and the 
participants suggested the industry develop a 
venture capital pool to handle the first cost is­
sue. They also indicated that the industry frag­
mentation and image were also seen as imped­
ing RD&D efforts, particularly compared to the 
corresponding efforts by the electric utility in­
dustry. 

· 

In the competitive market , business own­
ers and shareholders are able to reap the ben­
efits of successful deployment of new technol­
ogy: In contrast, traditional regulatory methods 
provide little reward to shareholders for expen­
ditures on research, development , and com­
mercialization of new process and end-use 
technologies .  A "cost plus" rate of return 
methodology provides little reward for vigilant 
economizing, rapid adoption of new technol­
ogy, or creativity in meeting the needs of cus­
tomers. There is little reward for constant effi­
ciency gains or bold initiatives in offering new 
services. In this system, if investments lead to 
greater efficiencies (i.e . , reduced costs) then 
allowable rates are simply lowered at the next 
proceeding so that the rate of return remains at 
the authorized level. Similarly; if an additional 
market is developed, the rates are once again 
adjusted to bring the rate-of-return back to the 
allowed level. 

It is clear from the discussions of the 
LDCs and the PUCs that there is a basic limita­
tion in the market communication mechanism 
that is required for the operation of the funda­
mental premise for RD&D investment. That is, 
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the benefits from RD&D investment should ac­
crue to the investor. Yet ,  in order to achieve 
the market demand levels projected, it is im­
perative that the investment in research, devel­
opment , and commercialization of end-use 
technology be made. 

The issues for the LDC are: W'ey should I 
(as a regulated LDC) make the investments in 
RD&D if: 

1 .  I cannot realize any benefit from the in­
vestment. 

2 .  My shareholders cannot realize any bene­
fit from the investment. 

3. I must spend time and effort in justifying the 
investment to the PUC for cost recovery: 

4. My shareholders may incur additional in­
vestment risk without cost recovery: 

CONCLUSIONS AND 
RECOMMENDATIONS 

Conclusions 

1 .  The current collective natural gas RD&D 
activities are inadequate. 

2. Commercialization is the weakest element. 

3. Many of the benefits of increased natural 
gas consumption do not necessarily trans­
late directly to the bottom line of manufac­
turers and suppliers, thus minimizing their 
incentive and participation. 

4. Neither the nation nor the gas customers 
benefit unless research and commercial­
ization are successfully pursued. 

Recommendations 

1 .  Increase research and commercialization 
activities of all segments. 

2 .  Federal and state governments are major 
users in some end-use market segments 
and thus should participate directly in 
those instances through purchase, use, etc. 

3. Appropriate federal government incen­
tives should be put in place such as tax in­
centives, subsidies, etc. 

4. Commercialization organizations, such as 
the greatly expanding AGCC, NGVC, and 
IGTCC should be supported at a greater 
level of activity: 



5. Regulatory agencies should take a pro­
active, positive stance. 

6. Pursue federal government funding for a 
sustainable natural gas research, develop­
ment and demonstration program at a 
level of about $250 million per year to 
achieve the technology advancement nec­
essary to allow natural gas to expend its 
contribution to the National Energy Mix. 
This level of funding is consistent with the 
supporting documentation of the recent 

National Energy Strategy and several re­
cent studies, including those by the Wash­
ington Policy Analysis Group and the 
American Gas Association. 

7 .  Develop an innovative national funding 
mechanism for the demonstration and 
market introduction (i.e . ,  early new prod­
uct commercialization activities by equip­
ment manufacturer) of successfully devel­
oped new gas equipment, with an annual 
gas industry funding level of $ 1 00 million 
to $200 million. 
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INTRODUCTION 

There are a large number of energy de­
mand projections available from an assortment 
of sources : consultants ,  public and private 
companies, trade associations, and others. The 
available projections contain widely divergent 
opinions of what the mix of future energy de­
mand will look like. In developing a projection, 
the Demand and Distribution Task Group did 
not want to simply increase the number of opin­
ions available to decision makers. In fact , the 

_ National Petroleum Council determined that it 
was inappropriate to produce a base case or 
most likely reference scenario. Instead, the 
NPC decided to develop two reference scenar­
ios-Reference Cases 1 and 2-which it felt 
bracketed the likely range of future gas and en­
ergy demand in the absence of the introduction 
of any major new public policy directions or 
significant new gas technologies that are not 
now available or expected to be available in 
the near term. 

Reference Case 1 
Reference Case 1 results from a Moderate 

Energy Growth Scenario, which assumes total 
energy grows at an average annual rate of 1 
percent to reach roughly 1 00 quadrillion BTU 
(QBTU) by 20 1 0 . It includes moderate eco­
nomic growth (GNP grows at 2 .4  percent per 
year) , energy efficiency improvement at a rate 
consistent with recent history (roughly 1 per­
cent per year) , and a growth in world oil prices 
to about $28 .00 per barrel by 20 1 0  ( 1 990$) . 
The demand side of Reference Case 1 includes 

an estimate of how current environmental laws 
will be implemented. It does not include the 
more extreme scenarios of environmental reg­
ulation, such as the implementation of a C02 
tax. This Case does, however, take a relatively 
more optimistic attitude toward the resolution of 
constraints to increased gas use. For example, 
constraints blocking the implementation of new 
technologies , extension of the existing trans­
mission and distribution infrastructure to serve 
new customers, and elimination of regulations 
that impede growth in gas demand. Further, 
Case 1 assumes the continued availability of 
gas technologies to meet the requirements im­
posed by regulators and customers both today 
and in the future. 

Reference Case Z 
Reference Case 2 is based on a Low En­

ergy Demand Scenario with total energy con­
sumption growth limited to 0 . 5  percent per 
year, reaching roughly 88 QBTU by 2 0 1 0 . 
GroWth is assumed to be constrained by slow 
growth in economic activity (GNP grows at only 
2.0 percent per year) and more rapid improve­
ment in energy efficiency; particularly in the in­
dustrial sector. It is assumed that the more 
modest growth in energy demand places less 
pressure on energy supplies and, as a result , 
energy prices are lower in this Case. World oil 
prices are assumed to reach only $20 .00 per 
barrel by 20 1 0  ( 1 990$) . This provides some 
stimulation to energy demand, but not enough 
to offset the effects of lower economic growth 
and more rapid energy efficiency improvement. 
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As with Case 1 ,  Reference Case 2 includes an 
estimate of how current environmental laws will 
be implemented. It does not include the more 
extreme scenarios of environmental regulation. 

The development of two Reference Cases, 
which cover a range of energy demands in the 
future , provides a number of benefits to this 
study. First , it establishes a potential range of 
gas and energy demand without new specific 
concerted actions by the gas industry; federal, 
state, and local governments, or other parties. 
This provides a point of departure for evaluat­
ing the impact of efforts to improve gas com­
petitiveness in markets or to evaluate the im­
pact of policy changes. Finally, the use of a 
modeling framework provides a tool that, when 
used with a consistent set of assumptions, ac­
counts for many of the specific interactions that 
take place in energy markets. 

BRIEF DESCRIPTION OF 
MODELING APPROACH 

The core modeling structure used in this 
study was the Energy and Environmental Anal­
ysis , Incorporated (EEA) Energy Overview 
Model. The Energy Overview Model includes 
three modeling structures: the Hydrocarbon 
Supply Model, the End-Use Sector Model, and 
the EEA Pipeline Model. The efforts of the De­
mand and Distribution Task Group were fo­
cused on the End-Use Sector Model. The Hy­
drocarbon Supply Model was used by the 
Source and Supply Task Group and is de­
scribed in Volume II . The EEA Pipeline Model 
is described in Volume IV; the Transmission 
and Storage Task Group report . 

The EEA End-Use Sector Model covers nat­
ural gas and other energy demands in the lower-
48 states, focusing on the segments of energy 
markets in which natural gas competes directly 
with other fuels. The model's fuel coverage in­
cludes all purchased energy sources in the resi­
dential and commercial sectors (excluding wood 
and other renewables) . In the industrial sector, 
all natural gas consumption is covered as are 
residual fuel oil, distillate fuel oil, coal, and elec­
. tricity as competing combustor fuels. Oil and 
coal feedstocks (raw materials) and selected 
petroleum fuels (liquefied petroleum gases , 
kerosene, gasoline, still gas, petroleum coke, and 
crude product) are excluded. All energy inputs 
to electric utilities are covered. Except for natu-
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ral gas vehicles, transportation sector energy de­
mand is outside the scope of the EEA model. 

To provide complete U.S. energy coverage 
and projections o f  economic activity in the 
United States, the Task Group also used the Data 
Resources, Incorporated (DRI) Macroeconomic 
and Energy Models. The DRI models were 
solved with assumptions for the NPC Reference 
Cases consistent with those used in the EEA En­
ergy Overview Model. The DRI macroeco­
nomic projections were then input to the EEA 
model to provide the main economic drivers of 
projected energy demand. DRI projections of 
transportation energy demand and the compo­
nents of industrial sector energy not covered in 
the EEA model were used to provide a complete 
energy coverage for the NPC Reference Cases. 
Volume VI of this study contains further docu­
mentation of the DRI and EEA models along with 
input assumptions and model output. 

Figure 8-1 presents an illustration of the EEA 
End-Use Sector Model. The following discussion 
provides a summary overview of the characteris­
tics of each of the main components of the model. 

Residential/Commercial Sector 

The EEA residentiaVcommercial sector 
model uses an econometric approach that pro­
jects energy demand as a function of fuel prices, 
disposable income, and building stock growth. 
The model distinguishes between new and ex­
isting buildings. It tracks the inventory of energy 
equipment in the existing stock, accounts for de­
preciation and retirements over time, and adds 
new energy using equipment to meet replace­
ment needs and growth. The model explicitly 
distinguishes between short and long-term de­
cisions using different elasticities for each deci­
sion. The EEA residentiavcommercial sector 
model framework is shown in Figure 8-2 . 

Industrial Sector 
The EEA industrial sector model is a sim­

plified process engineering model that consid­
ers energy consumption in industrial combus­
tors for the nine major industry groups and for 
flfty specific functional uses. As already noted, 
it does not model industrial oil and coal feed­
stock energy use and selected petroleum 
fuels, which were modeled with the DRI ruri. 
The EEA model explicitly considers the eco­
nomics of natural gas versus alternative energy 



RESIDENnAu COMMERCIAL Energy Demand & Fuel Mix 
. . .  . . . . - ECONOMETRIC -

. .  · . . . r <".'. ··L.-
----------' . . :-.· . · . :  : : · . . : ·:� : . - : : · : � :-_: : ? . : -

Enerav Demand 
- EOO!iJOMETRIC -

• Overal l Energy 
• Fossil vs. Electricity 

Fuel Choice 
- PROCESS ENGINEERING -

• Coal vs. Oil/Gas 
• Gas vs. Oil 

Figure 8-1 .  End-Use Sectoral Demand Models. 
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Figure 8-2. Framework for Residential/Commercial Demand Analysis. 



sources and reflects the technical constraints 
of energy use by fuel type. The major factors 
affecting cost include combustor size, capacity 
utilization ,  current fuel-firing capability, re­
gional location, and whether it is a new or ex­
isting combustor. The model explicitly reflects 
existing environmental requirements and con­
trol costs .  The decisions in the model are 
based on life cycle cost minimization. The 
model also calculates the potential for fuel 
switching based on the characterization of the 
capital stock (i .e . ,  installed single or dual-fired, 
technical feasibility of fuel substitution, and al­
ternative fuel type) . The economic calculation 
of fuel switching depends on fuel prices, oper­
ating and maintenance (O&M) cost differences 
among fuels, the levelized cost-of-equipment 
retrofits in single-fired units, and environmental 
restrictions on sulfur dioxide emissions. The 
EEA industrial sector model framework is 
shown in Figure 8-3 . 

Electric Power Sector 

The EEA electric power sector model ac­
counts for 23 power plant types, three load cat­
egories (i .e . , base, intermediate , and peak) , 
and all fuel types that used power generation. 
The model: 

• Tracks capital stock changes in the re­
gional power plant inventory 

• Projects long-term fuel choices in new 
units 

• Makes short-term oil/gas fuel choice 
decisions 

• Projects regional electricity production 
costs and fuel consumption 

• Projects regional electricity prices by 
sector. 

The EEA electric power sector model 
framework is shown in Figure 8-4 . 

Capital stock changes are tracked in the 
EEA model through regional inventories of ex­
isting plants by load class ,  type ,  and age . 
Plants are retired based on assumptions con­
cerning the operational life of units, fuel, and 
capacity type, and may be refurbished and/or 
repowered over time according to the user's 
scenario. The demotion over time of older fos­
sil fuel steam units from base to intermediate 
load service is also simulated. 

Capacity planning decisions are made us­
ing a combination of announced construction 
plans of the electric utility industry and an eco­
nomic competition between unit types to deter­
mine the longer-term fuel mix in new units. At 
present , industry announcements cover units 
planned to be on-line to approximately the 
1 998-2000 period.  Although the types and 
amounts of new capacity in this period are 
based on industry plans, the actual on-line 
dates may be delayed in model forecasts if not 
required to meet projected electricity demand 
growth . Beyond the period o f  announced 
plans, an endogenous economic competition is 
conducted between natural gas-fired and coal­
fired units for new base load generation re­
quirements. This competition considers capital 
costs by unit size (small versus large) , non-fuel 
O&M, and fuel costs over an expected 30-year 
operating life of the new unit . The projected 
mix of new units is determined through an eco­
nomic market share function and consideration 
of institutional and lead-time constraints on the 
fuel choice. 

A merit order dispatching algorithm is 
used to determine the average annual capacity 
utilization rates for each plant type. After nu­
clear and hydroelectric plants have been dis­
patched, coal, oil/gas combined-cycle , and 
oil/gas steam units are then dispatched within 
each load class . Unit heat rates are distin­
guished by unit type, load class, and new ver­
sus existing units, and may be adjusted for re­
furbishment and future technological advances. 

Fuel selection in dual-fuel capable units is 
modeled on a least cost basis, subject to con­
straints of existing environmental regulations, 
and the impact of S02 allowance provisions un­
der the Clean Air Act Amendments of 1 990. All 
utility boilers are assumed to be capable of fir­
ing residual fuel oil and are switched based on 
fuel prices, a cost premium for conversion if 
single-fired, and market share functions repre­
senting the distributions of fuel availability and 
costs within a region. All peaking turbines and 
combined-cycle units are treated as capable of 
firing distillate fuel oil and are switched based 
on economics. 

Regional fuel consumption and electricity 
production costs are determined from plant uti­
lization and heat rates, fuel selection, and fuel 
costs. The model also tracks capital accounts for 
private and publicly owned utilities and projects 
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Detailed Configuration 
Characterization 
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Figure 8-3. Industrial Gas Demand Model Framework. 
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electricity rates through revenue requirement 
calculations . The rate base is compiled from 
FERC/DOE data for existing units, and additions 
to the rate base track in separate, vintage ac­
counts for new units. The price of electricity is 
determined from three components: a capital 
charge (based on depreciation, taxes, and return 
on total rate base) , fuel costs, and O&M and ad­
ministrative costs. Revenue requirements are 
then allocated to the end-use sectors (residential, 
commercial, and industrial) based on historical 
allotment practices to determine electricity 
prices by sector. 

GENERAL ASSUMPTIONS 

Philosophy 

While the publications summarizing many 
projections explicitly discuss their assumptions 
about the more physical factors-energy 
prices, economic growth, and regulations-few 
discuss the assumptions made implicitly about 
the more philosophical factors-the future di­
rection of historical trends, the extension of ex­
isting regulatory paths, or the decision maker's 
"expectation" about the track of future energy 
prices. However, these implicit assumptions, 
often resulting from the forecasters' own biases, 
are as important to the projection results as any 
of the more concrete assumptions being made. 

During production of the demand projec­
tions for this study; a number of these normally 
implicit assumptions were made explicit . They 
were discussed and general philosophies were 
developed about how they should be incorpo­
rated in the projection. Following is a discus­
sion of the philosophies developed about these 
assumptions. 

Direction of Trends 

Since the 1 960s, the underlying trend in a 
number of variables significant to energy mar­
kets have changed dramatically. 'Ibis includes 
both the general direction and relative strength 
of these trends. These changes have generally 
come about in response to some external stim­
uli. For example, new public policies, political 
shifts (the increased influence of OPEC) , or so­
cial changes. Many of these stimuli are difficult , 
if not impossible, to predict . 

The Demand and Distribution Task Group 
had to develop attitudes about a number of 
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specific trends that underlie the projection. 
Specifically, the rate of decline in energy inten­
sity; the change . in the mix of industrial produc­
tion by SIC (Standard Industrial Classification) , 
attitudes on the part of both the general public 
and electric generators about the desirability of 
new coal-fired power plants, and the rate of im­
provement in gas-fired technologies. In each 
Case, the Task Group did not try to anticipate 
radical shifts in trends due to external stimuli 
but instead assumed that the trends would fol­
low some variant of the recent historical path. 
Table 8- 1 summarizes the b asic philosophy 
adopted about each of the trends addressed. 

Energy Intensity 

The rate of improvement in residential 
and commercial energy intensity slowed in the 
1 980s relative to what occurred in the 1 970s. 
The Task Group decided that this trend was 
likely to continue. Between 1 980 and 1 988 ,  
residential energy intensity declined at a rate 
of roughly one percent per year. Over the 
same period, commercial energy intensity de­
clined at a rate of about 0 .6  percent per year. 
Energy intensity; as shown here,  is measured 
using weather normalized data. For the pro­
jections (both NPC Reference Cases) , the Task 
Group targeted energy intensity improvement 
at roughly one-half of the 1 980 to 1 988 histori­
cal rate. 

The rate of improvement in industrial en­
ergy intensity also slowed in the 1 980s relative 
to what occurred in the 1 970s.  However, the 
slowdown in the rate of improvement was not 
as great as that experienced in the residential 
and commercial sectors .  Between 1 983 and 
1 990 industrial energy intensity improved at a 
rate of 1 .6 percent per year. The Task Group 
felt that a more conservative assumption about 
the slowdown in the rate of improvement in en­
ergy intensity in the industrial sector was ap­
propriate. For Reference Case 1 ,  the targeted 
rate of energy intensity improvement was con­
sistent with the rate experienced between 1 983 
and 1 990. However, in Reference Case 2, the 
targeted rate of energy intensity improvement 
was set consistent with the faster rate experi­
enced historically between 1 97 3 and 1 980.  
During that period, industrial energy intensity 
improvement occurred at a rate of 2 .5  percent 
per year. 



TABLE 8-1 

ASSUMED DIRECTION OF TRENDS 

Reference Case 1 Reference Case 2 

Energy Intensity 

Residential & 
Commercial 

I ndustrial 

Continued Decline from Rate of Continued Decline from Rate of 
1 980s 1 980s 

Consistent with 83-90 Trend Consistent with 73-80 Trend 

Change in SIC Mix 

Institutional Constraint 
on New Coal-Fired 
Capacity 

Consistent with 83-90 Trend 

Additional New Coal-Fired 

Consistent with 83-90 Trend 

Additional New Coal-Fired 
Capacity Constrained to 
Published Util ity Plans 
Through 2000, Full Economic 
Calculation Beginning in 2004 

Capacity Constrained to 
Published Utility Plans 
Through 2000, Full Economic 
Calculation Beginning in 2004 

Gas Technology No Significant Inroads in New 
Gas End-Use Technologies, 
With the Exception of Some 
Cooling Technologies 

No Significant Inroads in New 
Gas End-Use Technologies 

Change In SIC Mix 
A major contributor to the change in the 

level and mix of industrial energy consumption 
since 1 970 has been shifts in the underlying 
mix of industry by SIC category. However, the 
two-digit SIC measure of production commonly 
used by forecasters provides inadequate infor­
mation about how energy is used in each in­
dustry. For example, in the Primary Metals in­
dustry (SIC 33) the energy input in a steel 
mini-mill is very different than the energy used 
in a full-scale primary steel producing facility. 
However, the dollar value of the output could 
be identical. Between 1 973 and 1 980, total in­
dustrial fuel and power energy consumption 
declined by 1 . 4 QBTU. EEA estimates that 
shifts in the SIC mix account for 0 .8 QBTU of 
this decline. 

Many publicly available projections do not 
reflect these underlying changes in the SIC mix 
and the impact on energy consumption. Fixed 
relationships between production, measured 
by two-digit SIC categories, and energy con­
sumption are used. There was no reason to as­
sume that this SIC mix change would cease 
through the 1 990s and beyond. However, the 
Task Group did not have any information about 
how the mix change might evolve. They there­
fore decided that it was appropriate to assume 
that the SIC mix change experienced in the 

1 980s would extend into the 1 990s in both Ref­
erence Cases. This assumption has the impact 
of slightly lowering industrial energy demand 
growth relative to what it otherwise would be. 

Institutional Constraint 

The ability to add new electric generating 
capacity is constrained by construction lead­
time, which varies by capacity and fuel type. 
For example, a gas-fired turbine designed to 
meet peak load can generally be constructed in 
2 or 3 years while a large coal-frred unit de­
signed for base load can take as long as 8 years 
to build. Among a large number of factors, the 
actual construction lead-time will vary depend­
ing on local regulations, on whether the unit to 
be built is a green field facility or is being built 
at an existing generating location, and depend­
ing on the availability of the fuel source. Re­
flecting this lead-time constraint , many projec­
tions include only the announced central utility 
and non-utility (NUGs) published plans for new 
capacity through the 1 990s. Model determined 
new capacity is generally not added until after 
the year 2000 . The near-term generating ca­
pacity outlook is essentially predetermined. 

Compounding this issue is an institu­
tional constraint that is effectively limiting the 
central utilities '  ability to choose and build 
new base load coal-fired generating units. 

1 63 



New generating capacity decisions were not 
being made based on the comparative eco­
nomics of the potential capacity alone. In ad­
dition to the completion of coal and nuclear 
units ordered many years ago, the only new 
generating units being constructed today are 
gas-fired turbines for peaking service (the 
majority of announced plans and construction) 
and a growing number of gas-fired combined­
cycle units for intermediate and base load 
service. Given the lead-time for coal unit con­
struction, the longer central utilities wait to an- · 
nounce new coal-fired plants, the less impact 
the facilities will have on pre-20 1 0  energy 
consumption for electricity generation. 

The apparent reluctance to announce and 
start construction of new base load coal-fued 
generating capacity stems from many factors: 
the disallowance of nuclear plant construction 
costs during the 1 970s and 1 980s, the percep­
tion of coal as environmentally unsound, and a 
public aversion to the construction of any new 
energy using facility (the ' 'not in Trrf backyard' ' 
problem) . The Task Group recognized this 
constraint and discussed when it might begin 
to ease and what were the implications for the 
introduction of new coal-fired generating ca­
pacity. The conclusion was that the perceived 
reluctance to build new coal-fired facilities 
would not begin to ease until the late- 1 990s. As 
a result , the Task Group incorporated con­
straints in the model limiting new coal-fired 
generating capacity additions beyond those al­
ready planned. Gas share floors were estab­
lished limiting coal penetration in the near 
term. The model's determination of new ca­
pacity was not based strictly on economics un­
til 2004. Start-up of a plant in 2004 implies that 
a utility announces the plant and begins the 
process leading to construction between 1 996 
and 1 999 .  This limitation was applied in both 
Reference Cases. 

Gas Teclmology 

The competitiveness of gas in end-use ap­
plications depends on many factors besides 
relative price. One important additional deter­
minant of the competitiveness of gas is the rela­
tive state of gas technology. Improvements in 
electric- and petroleum-using technologies will 
continue in the future. For gas technology to 
remain competitive it must keep up with these 
improvements. However, from a modeling per-
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spective, the introduction of new revolutionary 
gas technologies without including offsetting 
new electric and p etroleum technologies 
would bias the outcome of the model results 
significantly toward gas. In Reference Case 1 , 
the Task Group decided not to introduce signif­
icant new gas technologies that were not al­
ready available in the market . However, gas 
cooling equipment that is not yet in the market 
but is close to commercialization was intro­
duced in this Case. A more conservative tech­
nology assumption was followed in Reference 
Case 2 ,  in which no gas cooling equipment not 
already in the market was introduced. From a 
technology perspective , these assumptions 
make the model results, in both Cases, rela­
tively conservative. 

Extension of Regulatory Paths 

There is a discernible trend in federal, 
state, and local public policy to place more em­
phasis on protecting the environment. In some 
cases, particularly concerning the Clean Air 
Act Amendments of 1 990,  the specification of 
enacting legislation is not yet complete and the 
full implication of the Amendments for energy 
markets is still uncertain. It is very easy to pro­
pose new directions for environmental legisla­
tion given the current trends. For example, one 
could easily argue about the likelihood of a 
C02 or BTU tax in the near future. However, 
given the potential bias in energy decisions of 
selecting one approach for new environmental 
legislation over another, the Task Group de­
cided to simply include an interpretation of 
current laws and not try to anticipate new envi­
ronmental laws. 

The Task Group also took the approach of 
not trying to guess the direction of other poten­
tial regulatory changes. This included effi­
ciency regulation (beyond that specified in the 
National Appliance Energy Conservation Act) , 
state and local regulations involving construc­
tion and permitting, and new non-energy taxes. 
Implicitly, the Task Group assumed a workably 
competitive environment in which the driving 
force of the markets was economics, with the 
exceptions previously discussed. 

Gas Price Expectations 

An often neglected philosophical aspect 
of modeling is the determination of how an en-



ergy decision maker views future energy 
prices. Energy prices, at least since the 1 97 Os, 
have not followed a steady, predictable path. 
The real world decision maker's perspective on 
what he believes the p ath of future energy 
prices will look like is based on a combination 
of factors: recent experience, personal biases, 
current analytical thinking, etc. Many projec­
tions are based on an assumption of perfect 
foresight . With this approach, the energy deci­
sion made today is based on an assumption 
that the decision maker knows, with certainty, 
the future price track. As recent experience 
and investment mistakes suggest , few decision 
makers have perfect foresight. 

The Task Group addressed the issue of 
the gas price expectation logic and deter­
mined that it was inappropriate to assume per­
feet foresight . However, choosing an alterna­
tive was more difficult . There are an unlimited 
number of alternatives to assuming perfect 
foresight . Further, different price expectation 
logics produce very different gas market share 
solutions, especially if the gas price trajectories 
exhibit cyclical trends or reflect changing 
growth rates over time. 

The price expectation logic that was even­
tually adopted for both Reference Cases as­
sumes that gas users believe that delivered nat­
ural gas prices will reach residual fuel oil 
prices with some lag period (5 years) and then 

follow residual fuel oil prices over time. In 
other words, the energy decisions made today 
assume that future gas prices will move toward 
residual fuel oil prices and then track the path 
of residual fuel oil prices in the future . The 
price of gas projected by the model could be 
quite different than the price used in energy 
decisions under this price expectation logic. 
The price could be higher or lower and the de­
cisions made may not be entirely consistent 
with the projected price path. 

Economic, Demographic, and 
General .Assumptions 

Table 8-2 highlights the more general 
economic and energy assumptions made for 
the two Reference Cases. Reference Case 1 
was intended to reflect a world of moderate, 
not strong, economic growth.  The basic as­
sumptions were set consistent with this ap­
proach. The economic variables were devel­
oped largely b ased on recent historic al 
experience . However, the rate of growth in 
some variables was set below historical expe­
rience in situations where there has been a dis­
tinct decline in the rate of growth in recent 
years. 

The major adjustment made in Refer­
ence Case 2 was an assumption of slower 
economic activity, which was reflected in the 
adoption of  a lower rate of growth in GNP. 

TABLE 8-2 

KEY ECONOMIC AND ENERGY ASSUMPTIONS 
(Percent Change Per Year: 1 990 to 201 0) 

Reference Case 1 Reference Case 2 

Economic 

Gross National Product 
Disposable Income 
Industrial Production 
Population 
Residential Housing 
Commercial Floor Space 

Energy 

U .S. Energy Demand 
(Targeted) 

Energy Taxes (New) 

2 .40 
1 .80 
2 .70 
0.64 
1 .01 
1 .40 

Approx. 1 00 QBTU 
None 

2 .00 
1 .49 
2 .25 
0.31 
0.74 
1 .08 

Approx. 88 QBTU 
None 
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The other economic variables were generally 
adjusted roughly proportional to the ratio of 
GNP growth in the Reference Cases. 

Given expectations for GNP growth and 
improvement in energy intensity, a general tar­
get for U.S. energy demand was specified for 
both Reference Cases. This was a way to char­
acterize the desired range of energy demand 
between the two Reference Cases. It is impor­
tant to emphasize that these are target demand 
levels. The final projection results are consis­
tent with, but are not necessarily identical to, 
these targets. 

ENERGY PRICES 

This section discusses the derivation of 
the crude oil, natural gas, and coal acquisition 
prices. The delivered prices are discussed in 
the sections of the report that deal with the 
end-use sectors. 

Crude Oil 

Table 8-3 presents the refmers' acquisition 
cost of crude oil price path in 1 990 dollars per 
barrel used in the Reference Cases. 

A great deal of uncertainty exists concern­
ing future oil prices. Since 1 970 ,  there have 
been three major oil supply disruptions that led 
to price spikes; prices have declined sharply in 
response to decisions implemented by major 
oil producing countries; and quota cheating by 
OPEC members have contributed to continued 
softness in oil prices. Against this backdrop, 
world dependence on OPEC declined sharply 
after 1 973 and grew steadily since 1 985. The 
OPEC share of total world oil production grew 
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TABLE 8-3 

REFINERS' ACQUISITION COST 
OF CRUDE OIL 

(1 990$ per Barrel) 

Reference Reference 
Year Case 1 Case 2 

1 990 22.32 22.32 
1 995 1 9.01 1 5.50 
2000 21 . 1 0 1 7.00 
2005 25. 1 4  1 8.50 
201 0 27.85 20.00 

from 30 percent in 1 985 to almost 39 percent 
by 1 99 1  (still significantly less than the 54 per­
cent share achieved in 1 973) .  Complicating 
the situation is the major economic powers' re­
newed determination to protect their interests 
as evidenced by the response to Saddam Hus­
sein's invasion of Kuwait. 

To avoid a potential protracted debate 
about future oil prices, the refiners' acquisition 
cost of crude oil price used in Reference Case 
1 was specified by the NPC at the beginning of 
the study. They reasoned that world oil de­
mand has resumed its upward trend following 
the collapse in price in the mid-1 980s. This in­
crease in demand has been accompanied by 
an increased call for oil from the OPEC nations. 
Under the conditions of moderate economic 
growth assumed in Reference Case 1 ,  it is ex­
pected that total world oil demand to increase 
by as much as 50 percent over the next 20 
years. These circumstances suggested it was 
reasonable to expect some re al oil price 
growth. The NPC felt that the scenario de­
scribed was consistent with real price growth 
of roughly one percent per year. Based on this 
logic, a price of about $28.00 per barrel was 
selected for 20 1 0. 

Reference Case 2 assumes that economic 
growth in the United States and other industrial­
ized countries is slower than that in Reference 
Case 1 . Consequently, world oil demand 
growth would also be slower. Given reason­
ably abundant world oil supplies ,  it followed 
that slower growth in demand would result in a 
lower oil price. 

The NPC noted that the wide range of the 
price paths chosen for the Reference Cases 
was consistent with published projections avail­
able at the time (May 1 99 1 ) .  These projections 
ranged from a high of about $36 in 20 1 0  to no 
real growth through 20 1 0  (roughly $20 per bar­
rel) . The Council further stressed that neither 
price track should be considered a most likely 
case. The intent was to establish a range of 
prices wide enough to represent significantly 
different alternative futures while remaining 
reasonably consistent with the publicly avail­
able projections. 

Natural Gas 

Natural gas prices were an output of the 
model. However, the projections of gas price 



involved making numerous assumptions ; for 
example , about trends in drilling costs ,  re­
source appreciation, technology change, and 
the size of the resource. A complete discussion 
of the natural gas price projections is included 
in Volume II , Source and Supply. 

Table 8-4 shows annual average lower-48 
wellhead gas prices for the United States in 
1 990 dollars per million BTU (MMBTU) . The 
Task Group recognizes the importance of re­
gional and seasonal differences in gas prices 
and these differences are explicitly considered 
in the model. Further, the impact of these dif­
ferences on the relative economics of various 
energy decisions is also considered in the 
analyses. 

It is important to highlight a series of im­
plicit assumptions made in the model concern­
ing natural gas supply and price that imply a 
degree of uncertainty with the prices shown in 
Table 8-4. First , the model assumes that the in­
vestment necessary to develop the gas re­
source will continue to occur in the future. The 
model does not calculate the tradeoff between 
investing in the U.S. and overseas. Further, the 
model assumes that the necessary capital will 
be available for investment needs. The model 
does not evaluate the relative merits of capital 
investments in the many opportunities in the 
U.S. economy. Last , the model assumes that 
technological progress in gas supply develop­
ment and production will continue to occur at 
rates near historical trends. This implies both 
the continued funding and development of im­
proved gas supply technologies and theit im­
plementation in the field. If any of these im­
plicit assumptions are not met, the prices used 
in the analysis could be significantly different 
from those shown in Table 8-4 .  

Coal 

The average delivered price of coal in 
both nominal and real dollars has been drop­
ping steadily since the mid 1 980s. In 1 984, the 
nominal price of coal delivered to electric utili­
ties was $ 1 . 66 per MMBTU. The nominal price 
dropped to about $1 .45 per MMBTU by 1 99 1 .  
This represents an annual compound decrease 
of almost 2 percent . In real 1 990 dollars, this 
corresponds to a drop from $2 .06 in 1 984 to 
$ 1 .40 per MMBTU or by 5 .7  percent per year. 

TABLE 8-4 

AVERAGE LOWER-48 WELLHEAD 
NATURAL GAS PRICE 

(1 990$/MM BTU) 

Reference Reference 
Year Case 1 Case 2 

1 990 1 .66 1 .66 
1 995 2.04 1 .68 
2000 2 .94 2.42 
2005 2 .79 2.51 
201 0 3.43 2.78 

The reasons for this decline have been the 
continued existence of surplus coal supplies, 
rapid improvements in coal mine productivity; 
and relatively flat transportation charges. The 
decline in the average price is driven by the 
"rollover" or re-negotiation of old, long-term 
contracts and increased spot purchases of coal 
by electric utilities. In fact , one of the difficul­
ties in using coal prices in the model is that the 
relative economics of coal versus other fuels in 
new decisions is not based on the weighted av­
erage U.S. price of coal but on the new contract 
price of coal which is significantly lower than 
the average. 

For the analysis, the Task Group used coal 
prices developed by Hill & Associates. Table 
8-5 presents the U.S. weighted average low and 
high sulfur coal prices in 1 99 0  dollars per 
MMBTU delivered to the electric power sector. 
The coal price input from Hill & Associates was 
based on delivered coal prices and not mine­
mouth or acquisition prices. However, deliv­
ered coal prices to the electric power sector 
closely approximate the mine-mouth price 
since transportation costs are relatively low per 
ton of delivered coal to electric generators in 
most parts of the United States. 

Hill & Associates developed the coal price 
tracks based on the following basic assumptions: 

• For almost all coal types in all regions, the 
base recoverable reserve is large and the 
supply curve is flat .  New mines will not 
cost much more than existing operations 
in most regions. In fact , some new mines 
will cost less than existing operations. 
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TABLE 8-5 

AVERAGE DELIVERED COAL PRICE 
TO ELECTRIC GENERATORS 

(1 990$/MMBTU) 

1 990 
1 995 
2000 
2005 
201 0 

Reference Case 1 
Low Sulfur High Sulfur 

1 .52 1 .40 
1 .6 1  1 .35 
1 .69 1 .30 
1 .7 1  1 .27 
1 .74 1 .27 

• Productivity has risen rapidly in the coal 
industry over the past ten years. Although 
it is likely that the rapid increase of recent 
years will slow somewhat, annual produc­
tivity improvement should be great 
enough to offset inflation and any deterio­
ration in mining conditions as more ex­
pensive reserves are mined. 

• Transportation costs will remain flat in real 
dollar terms over the course of the next 20 
years . During the period since 1 984 ,  
transportation rates (as reported by the 
ICC) have fallen slightly in real terms. 
This decline has come from (a) the in­
creased competition fostered by the Stag­
gers Act , (b) a decline in oil prices, and 
(c) significant reductions in railroad labor 
costs. 

Hill & Associates noted that some of the 
downward pressure on coal prices will be off­
set by the increased displacement of high sul­
fur coals with low sulfur coals to comply with 
Phase 1 of the Clean Air Act Amendments of 
1 9 90 ,  particularly between 1 99 5  and 2000 .  
With the increased demand for low sulfur coal, 
Hill & Associates projected that low sulfur coal 
prices would increase over the projection pe­
riod. While not shown in the table, the average 
price of coal is projected to increase in regions 
that are expected to experience the most 
switching to low sulfur coals. 

While Table 8-5 shows the average coal 
prices assumed for the analysis , as already 
pointed out, the economics of a new decision 
on whether to use coal or an alternative fuel is 
based on coal prices that are lower than the av­
erage price. This distinction was accounted for 
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Reference Case 2 
Low Sulfur High Sulfur 

1 .52 1 .40 
1 .55 1 .32 
1 .56 1 .24 
1 .58 1 .2 1  
1 .61 1 .2 1  

in the model in both Reference Cases. The 
economics of the continued operation of exist­
ing coal-fired plants were b ased on the 
weighted average U.S. coal price, but the deci­
sion to build a new coal-frred power plant was 
based on the new contract price of coal. The 
new contract price of coal was, on average, 
about 1 6  percent lower than the average U.S. 
coal price in 1 99 1 .  The analysis assumes that 
this 1 6  percent difference remains constant 
over the projection period. This distinction will 
be discussed more in the section of the report 
on the electric power sector. 

The uncertainty associated with coal 
prices is generally not a result of potential re­
source problems or international political up­
heavals. The uncertainty stems largely from 
potential regulation: the possible enactment of 
a C02 tax (which would impact coal more than 
gas or oil) , outright restrictions on coal con­
sumption, or limitations on the allowable con­
tent of sulfur in coal. The projection did not 
consider such extreme changes in regulatory 
policy. However, the projection did include the 
impact of existing regulations on coal prices 
and consumption. 

SUMMARY OF TOTAL ENERGY 
CONSUMPTION 

The discussion of the scenario results is 
based on the output from the EEA model. As 
noted earlier, the model does not provide com­
plete coverage of every' aspect of energy mar­
kets. For example, the projection coverage is 
limited to only the lower-48 states. Further, the 
model does not provide a projection of trans­
portation energy consumption with the excep-



tion of natural gas vehicle (which is included in 
the commercial sector) and pipeline transmis­
sion consumption of natural gas. The model 
does not provide a projection of coking coal or 
petroleum feedstock use in the industrial sec­
tor. The model also excludes certain types of 
industrial fuel and power energy consumption. 
In total, these exclusions are important ,  ac­
counting for 28.7  QBTU of total U.S. primary en­
ergy consumption in 1 990. 

·
However, despite 

these exclusions, the model provides relatively 
complete coverage of natural gas consumption 
and the markets for which gas competes. 

Primary Energy Consumption 
Table 8-6 provides a summary of pro­

jected total primary energy consumption in the 
Reference Cases. Total primary energy con­
sumption in Reference Case 1 is projected to 
increase at about 1 . 1  percent per year between 
1 990 and 20 10 .  This is significantly less than 
the projected 2 .4  percent per year growth in 
GNP over the long term. The projection of en­
ergy consumption includes a steady improve­
ment in energy efficiency over time. In Refer­
ence Case 2 ,  total primary energy consumption 
is projected to grow at a slower 0.5 percent per 
year over the same period. This is consistent 
with the slower 2 .  0 percent per year growth in 
GNP and the assumption of more rapid effi-

ciency improvement , particularly in the indus­
trial sector. 

Natural Gas 

In Reference Case l ,  primary natural gas 
consumption is projected to increase at 1 . 4 
percent per year over the projection period, or 
about 30 percent faster than the rate of growth 
in total primary energy consumption. As will 
be discussed later in the report in some detail, 
most of the growth is spurred by increased gas 
consumption for electricity generation both in 
the industrial (cogeneration) and electric 
power sectors (central utilities and independent 
power producers) . 

In Reference Case 2 ,  projected growth in 
natural gas consumption is actually slower than 
growth in overall primary energy. Gas con­
sumption is projected to grow at less than 0.5 
percent per year between 1 990 and 20 10 .  Gas 
consumption growth is modified by three fac­
tors : strong price competition due to the as­
sumption of flat oil prices ; slow economic 
growth holding down energy demand growth 
in all sectors; and the assumption of stronger 
efficiency improvement (relative to Reference 
Case 1 ) ,  which significantly reduces gas con­
sumption in the industrial sector. 

TABLE 8-6 

TOTAL PRIMARY ENERGY CONSUMPTION IN THE LOWER-48 STATES 
REFERENCE CASES 1 AND 2 

Natu ral Gas* 
Petroleumt 
Coal * 
N uclear/Hydro/Other 

Total 

(Quadrill ion BTU) 

1 990 

1 8.8 
5.0 

1 7.9 
9.2 

51 .0 

2000 
Case 1 Case 2 

21 .4 1 9. 1  
5.2 5.5 

1 9.3 1 8.5 
1 0.4 1 0.3 

56.3 53.4 

* Includes lease and plant uses and gas pipeline fuel use. 

201 0 
Case 1 Case 2 

24.8 20.6 
4.9 4.5 

23.2 2 1 .0 
1 0.2 1 0. 1  

63.1 56.2 

t Excludes petroleum consumed in the transportation sector and as feedstocks in the industrial sector. It also 
excludes l iquefied petroleum gases, kerosene, gasoline, still gas, petroleum coke, and crude product consumed for 
industrial fuel and power. In 1 990 transportation petroleum consumption was 21 .8 QBTU, industrial petroleum 
feedstock use is estimated to have been about 4.4 QBTU, and the excluded petroleum fuel and power categories 
accounted for 2.5 OBTU. 

:1: Excludes coking coal which accounted for 1 . 1 OBTU of coal use in 1 990. 
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Petroleum 

The projection coverage of petroleum 
consumption is limited to use in combustors : 
process steam and heat in the industrial sector; 
steam generators in the electric power sector; 
and space and water heating in the residential 
and commercial sectors. In this portion of the 
market, the potential for growth in petroleum 
consuniption is relatively limited and is depen­
dent on the relative price of residual and distil­
late fuel oil to alternative fuels. In Reference 
Case 1 ,  petroleum consumption shows no 
growth between 1 990 and 20 1 0, remaining at 
roughly 5.0 QBTU. It grows modestly between 
1 990 and 2000 , as residual fuel oil consumption 
is projected to recover from the low levels of 
1 990, but loses the gains achieved after 2000 
as rising oil prices make petroleum less com­
petitive relative to natural gas. 

In Reference Case 2 ,  petroleum grows 
from 5.0 to 5.5 QBTU between 1 990 and 2000 , 
or by almost one percent per year. This stems 
from the improved price competitiveness of 
petroleum due to the flat oil price assumption. 
Petroleum gains market share from natural gas 
in the near term as gas prices increase and as 
gas supplies and demand corile into balance. 
However, in the post-2000 period, petroleum 
consumption drops from 5.5 QBTU in 2000 to 
only 4 .5 QBTU by 20 1 0. Much of the loss is in 
the industrial sector as assumed rapid effi­
ciency improvements and tougher price com­
petition reduce consumption. Petroleum con­
sumption in this Case is also down in the 
electric power sector as lower economic 
growth reduces requirements for electricity 
generation. 

Coal 

Coal consumption grows from 1 7 .9 QBTU 
in 1 990 to 23 . 2  QBTU by 20 1 0  in Reference 
Case 1 ,  or by 1 .3 percent per year. Almost all 
of the growth is for electric power generation. 
Despite expectations of increased natural gas 
consumption for power generation , coal is 
projected to continue to account for the domi­
nant portion of future growth in electricity 
generation. 

Despite lower rates of growth in electric­
ity demand, coal consumption also is pro­
jected to grow in Reference Case 2 from 1 7 .9 
QBTU in 1 990 to 2 1 .0 QBTU by 20 1 0  (0.8 per-

1 70 

cent per year) . Again, the growth in this Case 
is dominated by increased consumption for 
electricity generation. In fact , the projection is 
somewhat misleading. A disproportional 
amount of the decline in coal consumption by 
20 1 0  in Reference Case 2 (relative to Refer­
ence Case 1 )  occurs in the industrial sector. If 
not for this disproportionate decline, coal con­
sumption growth would be somewhat stronger 
in this Case. 

Nuclear/Hydro 

Both Reference Cases assume only the 
completion of the nuclear power plants cur­
rently under construction and the continued 
operation of those plants that have not been af­
fected by policy restrictions. In the post-2000 
period, nuclear consumption declines some­
what due to the assumed retirement of plants 
at the end of licensing periods. A similar ap­
proach is taken toward hydrogenerating plants. 

Natural Gas Consumption 

Table 8-7 provides a summary of pro­
jected total natural gas consumption by sector 
in the Reference Cases. 

The Reference Cases present two very 
different scenarios of gas demand growth be- . 
tween 1 990 and 20 10 .  In Reference Case 1 ,  to­
tal gas consumption in the lower-48 states is 
projected to increase from 1 8.8 QBTU in 1 990 
to 24 .8 QBTU by 20 1 0 ,  or at 1 .4 percent per 
year. Most of the growth is concentrated in the 
industrial and electric power sectors. How­
ever, growth occurs in all sectors to varying 
degrees. By contrast, in Reference Case 2 ,  
gas consumption shows virtually no growth 
between 1 990 and 2000 and only very modest 
growth by 20 1 0 . In this Case, gas consump­
tion grows from 1 8.8 QBTU in 1 990 to only 20.6 
QBTU by 20 1 0 . Overall, gas consumption is 
projected to grow at only 0.5 percent per year. 
Virtually all of the growth occurs in the electric 
power sector. 

These two Cases represent diametrically 
opposed points of view both for what they sug­
gest about gas industry planning and for en­
ergy markets in general. In Reference Case 1 ,  
the growth in gas consumption that began in 
the mid- 1 980s is projected to continue (though 
at somewhat slower rates than recent experi-

. ence) through 20 1 0. The gas share of total pri-



TABLE 8-7 

GAS CONSUMPTION BY SECTOR IN THE LOWER-48 STATES 
REFERENCE CASES 1 AND 2 

{Quadril lion BTU) 

1 990 2000 201 0 
Case 1 Case 2 Case 1 Case 2 

Residential 4.5 4.9 4.8 4.9 4.7 

Natural Gas Vehicles * (0.1 ) (0. 1 ) (0. 1 ) (0. 1 ) 
Other (2.7) (2.9) (2.8) (3.4) (3.0) 

Total Commercial 2.7 3.0 2.9 "3.5 3.1 

Boilers (2.8) (3.1 ) (2.4) (3.8) (2.2) 
Non-Boilers t (4.2) (4.8) (4.2) (5.1 ) (3.9) 
Lease & Plant (1 . 1 ) (1 . 1 ) (1 .0) (1 .3) (1 . 1 ) 

Total Industrial 8.1 9.0 7.5 1 0.2 7.2 

Electric Util ity 2.9 3.9 3.2 5 .4 4.9 

Transportation * 0.6 0.7 0.7 0.9 0.7 

Total 1 8.8 21 .4 1 9.1 24.8 20.6 

* Less than 50 tril lion BTU. 

t Includes incremental energy consumption for power generation, process heat, machine drive, and feedstock 
� � �� �  . 

* Includes only pipeline transmission use of natural gas. 

mary energy consumption (based on the sub­
set shown in Table 8-6) grows from 36.9 per­
cent in 1 990 to over 39 percent by 20 1 0 .  In 
Reference Case 2 ,  the gas industry has al­
ready experienced gas's "high" level of con­
sumption and little change is projected over 
the next 20 years. The gas share of total pri­
mary energy consumption remains flat in this 
Case at roughly 37 percent through 20 10 . 

Residential Sector 

The level of residential gas demand is 
dominated by space-heating . requirements. 
Based on heating degree day data, the United 
States has not experienced a completely ' 'nor­
mal" winter in six years . In each of these 
years , the number of heating degree days 
have been below normal. That is the winters 
have been warmer than normal. The only cold 
period experienced in recent years was the 
abnormally cold weather in December of  
1 989. This series of  warmer than normal win-

ters have made it very difficult to project resi­
dential gas demand in the future. The histori­
cal data provide little indication of what gas 
demand would be in a normal winter. 

Both Reference Cases assume normal 
weather conditions. As a result, projected gas 
consumption between 1 990 and 2000 shows a 
sharp increase in both Cases. The level of 
consumption shown for the base year, 1 990, 
was severely impacted by warmer than normal 
weather. A weather normalized level of con­
sumption in 1 990 would be close to 4.9 QBTU. 
Thus, starting from this weather normalized 
level of consumption, projected residential gas 
consumption shows virtually no change in ei­
ther Case between 1 990 and 20 1 0. Growth in 
the number of gas-using homes is projected to 
be completely offset by continued improve­
ment in the efficiency of the stock of gas-fired 
equipment as older, less efficient systems are 
replaced by more efficient equipment. 
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Commercial Sector 

The commercial sector represents a po­
tential growth market for natural gas. The en­
tire potential for growth in gas consumption in 
the commercial sector rests on the success of 
gas-fired commercial space cooling and co­
generation systems. The tightening of the ther­
mal shell of commercial buildings has made 
space cooling the primary determinant of the 
space conditioning fuel choice in commercial 
buildings. Gas currently meets a very small 
share of the space cooling load in the commer­
cial sector. Gas is used for space cooling in 
only about 4 percent of  total commercial 
square footage. The major potential for gas 
demand growth in the sector lies in capturing a 
large share of  this space cooling market 
through the use of improved technologies-co­
generation, gas-fired heat pumps, gas engine 
driven chillers, and absorption systems. 

Reference Case 1 assumes the introduc­
tion of only those new gas space cooling tech­
nologies that are close to commercialization. 
However, it does not assume the introduction of 
any revolutionary new technologies. This is a 
relatively conservative technology assumption 
that limits gas's ability to compete with other 
fuels whose technologies are assumed to con­
tinue to improve. Despite this assumption, in 
Reference Case 1 commercial gas consump­
tion grows from 2.7 QBTU in 1 990 to 3.5 QBTU 
by 20 1 0. Growth is stronger in the post-2000 
period as commercial construction recovers 
from the overbuilding of the 1 980s. 

Reference Case 2 adopts a more limiting 
assumption about the introduction of new gas 
space cooling technologies. In this Case, new 
gas technologies not already in the market are 
not introduced as gas options in the projection. 
This is a very conservative technology assump­
tion and puts gas at a disadvantage relative to 
other fuels, particularly electricity: This censer­
vative technology assumption combined with 
the lower economic growth assumed in this 
Case holds down gas consumption growth. Nat­
ural gas consumption is projected to increase 
from 2.7 QBTU in 1 990 to 3. 1 QBTU by 2010 .  

The projection includes natural gas con­
sumption by vehicles in the commercial sector. 
Both Reference Cases include a very conserva­
tive assumption of growth in the number of nat­
ural gas-fueled vehicles. Penetration is limited 
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to the clean-fuel vehicle programs for fleet ve­
hicles that are mandated by the Clean Air Act 
Amendments of 1 990.  By 20 1 0 ,  vehicle con­
sumption of natural gas is 1 40 trillion BTU (or 
about 0. 1 QB'I'U) in both Reference Cases. 

Industrial Sector 

The most signillcant impact of the different 
assumptions made in the Reference Cases 
shows up in the industrial sector projections. 
Assumptions made about three factors-indus­
trial production growth, oil prices, and energy 
intensity improvement-made these Cases sig­
nificantly different. In Reference Case 1 ,  indus­
trial production was assumed to grow at 2 .  7 
percent per year between 1 990 and 20 1 0 , 
crude oil prices rose to about $28.00 per bar­
rel by 201 0, and the energy intensity improve­
ment trends were set roughly consistent with 
the trends between 1 983 and 1 990. In Refer­
ence Case 2 ,  industrial production is assumed 
to grow at a slower 2 . 2 5  percent per year, 
crude oil prices remain flat in real dollars, and 
the energy intenSity improvement trends are 
set consistent with the experience between 
1 973 and 1 980. 

The net result of these differences is that 
natural gas consumption increases strongly in 
Reference Case 1 from 8 .  1 QBTU in 1 990 to 
10 .2 QBTU by 2010 ,  or at 1 .2 percent per year. 
The growth is evenly distributed between 
boiler and non-boiler applications. Boiler gas 
consumption is projected to grow from 2 .8 
QBTU in 1 990 to 3.8 QBTU by 20 1 0. Non-boiler 
consumption increases from 4.2 QBTU in 1 990 
to 5 . 1 QBTU by 20 1 0 . Non-boiler gas con­
sumption includes incremental energy con­
sumption for power generation. Incremental 
consumption refers to only the net increase in 
energy consumed due to the generation of 
electricity; it excludes the energy consumed 
for the raising of steam which is included in 
boiler consumption. 

In Reference Case 2 ,  natural gas con­
sumption falls from 8 . 1 QBTU in 1 990 to 7 . 2  
QBTU by 2010 .  The assumed relatively strong 
rate of energy intensity improvement (based on 
the trends between 1 97 3 and 1 980) is sufficient 
to completely offset the slower rate of industrial 
production growth. Furthermore, gas faces a 
tougher competitive position in markets as a 
result of the assumption of flat real oil prices. In 
this Case, boiler gas consumption declines 



from 2 .8  QBTU in 1 990 to only 2 . 2  QBTU by 
20 1 0. Non-boiler consumption of natural gas 
also declines but by a smaller amount, from 4.2 
QBTU in 1 990 to 3.9 QBTU by 20 1 0. Non-boiler 
gas consumption is supported, somewhat . by 
the continued growth in gas-fired cogeneration. 

Electric Power Sector 

In 1 990 , gas consumption for electric 
power generation (both by central electric utili­
ties and independent power producers) ac­
counts for only 2 .9  QBTU of total lower-48 gas 
consumption, just under 1 6  percent. However, 
this source holds the greatest potential for 
growth in gas consumption. Gas has a number 
of major advantages in electric power genera­
tion-short construction lead-time, clean burn­
ing, low capital investment , efficient equip­
ment-that promote increased use. Further, 
the increasing emphasis on the environment 
also supports the increased use of natural gas. 
However, to achieve this potential requires that 
gas overcome numerous barriers to increased 
use, including utility reluctance to rely on gas, 
concerns about supply adequacy; the need to 
expand and improve the gas delivery infras­
tructure, and fears of a gas price run-up once 
the gas bubble ends. 

In Reference Case 1 , gas consumption is 
projected to increase from 2.9 QBTU in 1 990 to 
5 .4 QBTU by 20 1 0 .  This growth is based on 
growth in purchased electricity of 1 .6 percent 
per year and includes the repowering of 2 1  gi­
gawatts of capacity to gas-firing. In Reference 
Case 2 ,  gas consumption grows slightly slower 

from 2 .9  QBTU in 1 990 to 4 .9  QBTU by 201 0. In 
this Case, purchased electricity is assumed to 
only grow at 1 . 3 percent per  year, and a 
smaller 1 5  gigawatts of capacity is repowered 
using gas. Furthermore , this Case assumes 
that a larger share of new coal-frred generating 
units are built at existing sites. To reflect this, 
Reference Case 2 assumes lower capital costs 
for new coal-fired units improving the competi­
tive position of coal relative to gas. The level of 
gas consumption would have been even lower 
in this Case if not for projected lower gas price 
levels that help gas maintain market share. 

Transportation Sector 

The projection only includes gas con­
sumption for pipeline compressor use in the 
transportation sector. Gas consumption by ve­
hicles is included in the commercial sector. 
Pipeline compressor consumption of natural 
gas varies roughly proportional to the total 
throughput in interstate pipelines. In Refer­
ence Case 1 ,  pipeline compressor consump­
tion of natural gas is projected to grow from 0.6 
QBTU in 1 990 to 0 .9  QBTU in 20 10 .  In Refer­
ence Case 2 ,  pipeline compressor consump­
tion of natural gas grows to a smaller 0 .7  QBTU 
by 20 10 .  

RESIDENTIAL SECTOR 

Economic and Energy Assumptions 

Table 8-8 summarizes the key economic 
and energy assumptions made for the residen­
tial sector in the Reference Cases. Reference 

TABLE 8·8 

RESIDENTIAL SECTOR ECONOMIC AND ENERGY ASSUMPTIONS 
(Percent Change Per Year: 1 990 to 201 0) 

Population Growth 
Housing Stock Growth 
Disposable I ncome 
Electricity Demand* 
Energy lntensity*.t 

Reference Case 1 

0.64 

Reference Case 2 

0.31 
1 .01 
1 .80 
1 .65 

-0.50 

• Targeted change, may not be consistent with final projection. 
t Energy use per unit (building, sq. ft. of floor space). 

0.74 
1 .49 
1 .08 

-0.60 
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Case 1 assumes a more optimistic outlook with 
stronger growth in population, housing stock, 
disposable income, and electricity demand than 
Reference Case 2.  The rate of change of energy 
intensity per residential unit declines somewhat 
more rapidly in Reference Case 2 when com­
pared with Reference Case 1 ,  implying a greater 
rate of energy efficiency improvement. 

Energy Prices 

Table 8-9 compares the residential energy 
prices in the Reference Cases. On the basis of 
the price of a BTU of delivered energy, the 
competitiveness of natural gas worsens relative 
to both electricity and distillate fuel oil in the 
Reference Cases. Between 1 990 and 20 1 0, nat­
ural gas prices are projected to grow by 1 . 1  
percent per year in Reference Case 1 and by 
1 .0 percent per year in Reference Case 2 .  By 
comparison, over the same period, electricity 
prices are projected to grow by a slower 0 . 1 
percent per year in Reference Case 1 and to 
actually decline by 0. 1 percent per year in Ref­
erence Case 2 .  Projected distillate fuel oil 
prices grow at 0. 6 percent per year in Refer­
ence Case 1 and decline at a rate of 0.3 per­
cent per year in Reference Case 2 between 
1 990 and 20 1 0 .  However, since natural gas 
starts from a much lower price in the base year, 
it is projected to maintain a BTU delivered price 
advantage over both electricity and distillate 
fuel oil despite its projected more rapid price 
growth. 

The major competitor to gas in the resi­
dential sector is electricity. The higher relative 
efficiencies inherent in electric equipment, in 
particular the heat pump (typically in excess of 
300 percent for both heating and cooling) , off­
sets much of the price advantage that gas has 

relative to electricity. In 1 990,  the electric to 
natural gas price ratio was 4 . 1 :  1 .  Gas prices 
are projected to rise rapidly in the near term 
due to the end of the gas bubble. As a result, 
the ratio falls in both Reference Cases to 3.4: 1 
by 2000. The ratio is projected to decline fur­
ther between 2000 and 2010 ,  reaching 3.3: 1 by 
20 10. The decline in the electric to gas price 
ratio worsens gas's competitive position relative 
to electricity; which is reflected in a decline in 
the gas share of total residential energy con­
sumption and an increase in the electric share 
of total consumption. 

Energy Consumption 

Total residential energy demand grew 
from 6.2 QBTU in 1 960 to 9 .8 QBTU by 1 972 ,  or 
at a rate of 3.9 percent per year. In response to 
the increased emphasis on conservation fol­
lowing the oil price spike of the early 1 970s, 
residential energy consumption declined from 
9.8 QBTU in 1 972 to a low of 8 .4 QBTU by 1 983. 
Since 1 983 , residential energy consumption 
has resumed growth, but at a slower rate than 
experienced from 1 960 to 1 97 2 .  Total con­
sumption has grown from 8.4 QBTU in 1 983 to 
9 .0 QBTU in 1 990, or at 0.9 percent per year. 

Natural gas accounts for the largest por­
tion, 50 percent, of total residential energy con­
sumption in 1 990. Electricity, the second most 
important energy source, accounts for 35 per­
cent of consumption in 1 990. Distillate fuel oil 
accounts for 1 0  percent , and liquefied 
petroleum gases for 4 percent. Coal accounts 
for the remaining 1 percent. 

Table 8- 1 0  compares residential energy 
consumption in the Reference Cases. Total res­
idential energy consumption is projected to 

TABLE 8-9 
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RESIDENTIAL SECTOR ENERGY PRICES IN THE LOWER-48 STATES 
REFERENCE CASES 1 AND 2 

(1 990$/MMBTU} 

1 990 2000 201 0 
Case 1 Case 2 Case 1 Case 2 

Natural Gas 5.65 6.81 6.48 6.99 6.83 
Electricity 23.02 22.80 22.05 23.27 22.70 
Distil late Fuel Oil 7.66 7.45 6.75 8.62 7.26 



TABLE 8-1 0 

RESIDENTIAL SECTOR ENERGY CONSUMPTION IN THE LOWER-48 STATES 
REFERENCE CASES 1 AND 2 

(Q uadrillion BTU) 

1 990 

Natural Gas 4.5 
Electricity 3.1 
Disti llate Fuel Oil 0.9 
Uquefied Petroleum Gases 0.4 
Coal 0.1 

Total 9.0 

grow slowly over the projection and at rates 
slower than recent history. This results from 
projected slow growth in population and in the 
housing stock, and continued improvement in 
energy efficiency. Between 1 990 and 20 1 0 , to­
tal energy demand is projected to grow at an 
annual rate of 0 .  7 percent per year in Reference 
Case 1 and 0.4 percent per year in Reference 
Case 2 .  

Natural gas consumption is projected to 
grow at 0 . 5  percent per year in Reference 
Case 1 and a slower 0 .2  percent per year in 
Reference Case 2.  The gas share of total resi­
dential energy consumption is projected to fall 
from 50 percent in 1 990 to .only 47 percent in 
Reference Case 1 and 49 percent in Reference 
Case 2 by 201 0 . 

Electricity consumption is projected to 
grow more rapidly than any other fuel in both 
Cases. Electricity consumption is projected to 
grow by 1 . 6 percent per year between 1 990 
and 20 1 0  in Reference Case 1 and by 1 . 1  per­
cent per year in Reference Case 2 .  Both rates 
of growth are considerably slower than recent 
historical experience. Between 1 980 and 1 990 
residential electricity consumption grew at 2 .5  
percent per year. However, the rate of growth 
in residential electricity usage has progres­
sively slowed in each decade since World War 
II and the increased expenditures on DSM by 
electric utilities are expected to impact future 
growth rates .  Despite  t:pe modest rate of  
growth, the electricity share of  total residential 
energy consumption grows in both Cases from 
34 percent in 1 990 to 43 percent by 20 1 0  in 
Case 1 and 4 1  percent in 20 1 0  in Case 2 . 

2000 201 0 
Case 1 Case 2 Case 1 Case 2 

4.9 4.8 4.9 4.7 
3.7 3.5 4.4 3.9 
0.8 0.9 0.7 0.7 
0.3 0.3 0.3 0.3 
0. 1 0. 1 0. 1 0. 1 

9.8 9.6 1 0.4 9.6 

Distillate fuel oil consumption is projected 
to decline in both Cases from 0 .9  QBTU in 1 990 
to 0.7 QBTU by 20 1 0. Distillate fuel oil is pre­
dominantly used for space heating in regions of 
the U.S. that developed the earliest (the North­
east and Central states) and in locations where 
natural gas was not available. The cost of distil­
late fuel oil for heating is generally higher rela­
tive to other fuels; it is dirtier and is generally 
perceived not to offer the convenience of either 
natural gas or electricity. As a result , it has 
fallen out of favor for space heating in the 
United States and its share of total residential 
energy consumption and space heating is pro­
jected to decline in the future. 

Liquefied petroleum gas (IPG) consump­
tion is projected to decline from 0 .4 QBTU in 
1 990 to 0.3 QBTU by 20 1 0  in both Cases. IPG 
is used predominantly in rural areas where nat­
ural gas is not available or where natural gas 
hookup charges are prohibitive. IPG is gener­
ally more expensive than either natural gas and 
distillate fuel oil and, as a result , its growth is 
expected to be limited in the future. 

Gas Consumption 

Figure 8-5 shows a comparison of total en­
ergy and natural gas demand in both Cases. 
Gas consumption in the residential sector is 
dominated by consumption for space heating. 
In 1 990 ,  gas consumption for space heating 
represented over 70 percent of total residential 
gas consumption. About 20 percent of residen­
tial gas consumption is for water heating. An 

· additional 4 percent is consumed for cooking. 
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Figure 8-5. Residential Energy Demand-Reference Cases 1 and 2. 

The remaining 2 percent is used predominately 
for clothes drying and space cooling. 

Residential gas consumption shown for 
1 990 is actual consumption. Because of the 
large share of residential gas consumption at­
tributable to space heating, the level of gas 
consumption is very sensitive to we ather. 
Space heating loads were relatively low in 1 990 
due to abnormally warm weather over the year. 
.As a result, gas consumption was also low . .As 
highlighted earlier, the projection uses weather 
normalized data. Consumption in 1 990 would 
have been about 4 .9  QB1U in a weather normal 
year. Starting from this weather normalized 
level, gas consumption shows no increase in 
Reference Case 1 through 20 1 0 and a small de­
cline in Reference Case 2 .  

Efficiency improvements in both new and 
replacement equipment , as well as improve­
ment in the thermal integrity of homes, offsets 
much of the impact on gas demand of the in­
crease in the number of gas customers. The 
average efficiency of a new gas-fired furnace, 
which was approximately 76 percent in 1 990, 
will likely increase to almost 90 percent by 
20 1 0  to meet the requirements under phase 
two of the National Appliance Energy Conser­
vation Act . With the replacement of older fur-
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naces and the construction o f  new homes us­
ing more efficient furnaces, the average effi­
ciency of the stock of gas-fired furnaces will 
increase significantly from the average of 66 in 
1 990 . Over the same period, building shell 
thermal integrity is projected to improve sig­
nificantly. Combined, these two conservation 
improvements will have the impact of reduc­
ing gas consumption significantly relative to 
what would have been required using today's 
technologies. 

One of the keys to increasing residential 
gas demand in the future is the space cooling 
market. Gas-fired space cooling holds a very 
small share of residential energy consumption 
for space cooling in 1 990. The development of 
a successful gas-fired he at pump or sp ace 
cooling system could make a significant contri­
bution to increasing the level of gas demand in 
the residential sector. Reference Case 1 as­
sumes the intro duction o f  a gas-fired heat 
pump, however, it does not assume the intro­
duction of a conventional gas-frred space cool­
ing system or aggressive improvement in the 
efficiency or first cost of the heat pump. There­
fore, the heat pump has very little impact on 
the residential sector results. The heat pump is 
not assumed to be introduced in Reference 



Case 2 at all. As a result , no viable gas-fired 
space cooling option is available in the Case. 
This is a partial explanation for the more mod­
erate growth in gas consumption in Reference 
Case 2 .  

The scenarios also focus attention on the 
need for the gas industry to maintain gas 's 
share of the existing market through the devel­
opment of new and improved competitive 
equipment and the continued offering of com­
petitive prices. In 1 990 there were almost 48 
million gas space heating customers. To main­
tain gas's space heating market share , gas 
equipment must be able to compete on the ba­
sis of cost and efficiency with other systems. 
This need is underscored by the large replace­
ment market for gas-frred equipment, consist­
ing of well over 2 million gas-fired space heat­
ing systems projected to annually come up for 
replacement over the projection period. This 
compares to total new home sales (all fuels) av­
eraging only about 1 .6 million units per year. 

COMMERCIAL SECTOR 

Economic and Enel'gy .Assumptions 

Table 8- 1 1  summarizes the key economic 
and energy assumptions made for the com­
mercial sector in the Reference Cases. Refer­
ence Case 1 assumes a more optimistic out­
look with stronger growth in commercial floor 
space and electricity demand than Reference 
Case 2 .  The rate of change of energy intensity 
per commercial unit declines at the same rate 
in both Cases indicating the same rate of etli-

ciency improvement. A modest penetration of 
new gas technologies is assumed in Reference 
Case 1 ,  whereas no growth in new gas tech­
nologies is assumed in Reference Case 2 .  

Enel'gy Pl'ices 

Table 8- 1 2  compares the commercial sec­
tor energy prices in the Reference Cases. As 
was the situation in the residential sector, on 
the basis of the price of a BTU of delivered en­
ergy, the competitiveness of natural gas in the 
commercial sector worsens relative to both 
electricity and distillate fuel oil in the Reference 
Cases. Commercial sector natural gas prices 
are projected to grow by 1 .3 percent per year 
in Reference Case 1 and by 1 . 1  percent per 
year in Reference Case 2 between 1 990 and 
20 10 .  Over the same period, electricity prices 
are projected to show no significant growth in 
Reference Case 1 and to decline by 0 . 1 percent 
per year in Reference Case 2 .  Distillate fuel oil 
prices grow at 0 .  7 percent per year in Refer­
ence Case 1 and decline by 0 .3 percent per 
year in Reference Case 2 .  Natural gas main­
tains a BTU price advantage over electricity in 
both Cases owing to the very high price of 
electricity in the base year. However, natural 
gas is projected to lose its price advantage 
over distillate fuel oil by the year 2000 in both 
Cases. Distillate fuel oil prices are projected to 
grow rapidly between 2000 and 20 1 0  in Refer­
ence Case 1 and gas regains its price advan­
tage. In Reference Case 2 ,  however, distillate 
fuel oil prices are projected to remain below 
gas prices through 20 1 0. 

TABLE 8·1 1 

COMMERCIAL SECTOR ECONOMIC AND ENERGY ASSUMPTIONS 
(Percent Change Per Year: 1 990 to 201 0) 

Commercial Floor Space 
Electricity Demand 
Energy lntensity*.t 

Reference Case 1 

1 .40 

Reference Case 2 

1 .08 

New Gas Technologies 

1 .45 
-0.40 

Modest Penetration 

• Targeted change, may not be consistent with final projection. 

t Energy use per unit (building, sq. ft. of floor space). 

1 .30 
-0.40 

No Incremental 
Penetration 
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TABLE 8·1 2 

COMMERCIAL SECTOR ENERGY PRICES IN THE LOWER-48 STATES 
REFERENCE CASES 1 AND 2 

(1 990$/MMBTU) 

1 990 2000 201 0 
Case 1 Case 2 Case 1 Case 2 

Natural Gas 
Electricity 
Distil late Fuel Oil 

4.72 
21 .51 

5.99 

5.94 5.56 6. 1 7  5.92 
20.88 20.64 21 .69 21 . 1 1 

5.78 5.07 6.94 5.59 

The improved competitive position of dis­
tillate fuel oil, particularly in Reference Case 2 ,  
is of little consequence; While the major por­
tion of current gas consumption in the commer­
cial sector is for space heating, the dominant 
portion of future energy demand growth in the 
sector will be for space cooling or non-space 
conditioning applications. Distillate fuel oil has 
little potential to serve either of these loads. 
Like the residential sector, the major competi­
tor to gas in the commercial sector is electric­
ity. In 1 990, the electric to natural gas price ra­
tio was 4.6 :  1 .  The ratio is projected to fall to 
3.5: 1 in Reference Case 1 and to 3.7 : 1  in Refer­
ence Case 2 by 2000. By 20 10 ,  the ratio falls to 
3.5: 1 in Reference Case 1 and to 3.6: 1 in Refer­
ence Case 2 .  

Energy Consumption 

Total commercial energy demand grew 
rapidly in the 1 960s from 3.3 QBTU in 1 960 to 
5.3 QBTU by 1 970, or at 4 .9  percent per year. 
Since 1 970, growth in commercial energy con­
sumption has slowed considerably to an aver­
age rate of about 1 .0 percent per year. 

Energy consumption in the commercial 
sector is dominated by natural gas and elec­
tricity. Electricity accounts for the largest por­
tion, 44 percent of total commercial energy 
consumption in 1 990. Natural gas, the second 
most important energy source, accounts for 42 
percent of consumption in 1 990. Together, dis­
tillate, LPG, and residual fuel account for 1 2.5 
percent. Coal accounts for the remaining 1 .5 
percent. 

Since 1 960 ,  commercial consumption of 
coal and petroleum products has been declin­
ing, while consumption of electricity and natu­
ral gas has been steadily growing. Both coal 
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and petroleum have been losing share of total 
consumption to electricity and natural gas dur­
ing this time. 

Table 8- 1 3  provides a comparison of pro­
jected commercial sector energy consumption 
in the Reference Cases. Between 1 990 and 
20 1 0 ,  total commercial energy consumption 
grows at an annual rate of 1 .2 percent in Refer­
ence Case 1 and a slower 0.9 percent per year 
in Reference Case 2. However, growth in com­
mercial energy consumption does not take 
place evenly over the entire projection time 
frame. The main determinant of commercial 
energy consumption growth is growth in 
square footage. Commercial square footage 
grows more slowly during the 1 990s as the sec­
tor absorbs the overbuilding of the 1 980s. · As a 
result, total commercial energy consumption is 
projected to grow by 0 .9  percent per year in 
Reference Case 1 and by 0 .6 percent per year 
in Reference Case 2 between 1 990 and 2000. 
Between 2000 and 20 1 0, total energy consump­
tion is projected to grow by 1 .5 percent per 
year in Reference Case 1 and by 1 . 1  percent 
per year in Reference Case 2 .  

Natural gas consumption is projected to 
grow at 1 .3 percent per year in Reference Case 
1 and a slower 0.7 percent per year in Refer­
ence Case 2 .  The gas share of total commer­
cial energy consumption is projected to remain 
relatively constant at roughly 42 percent be­
tween 1 990 and 20 1 0  in Reference Case 1 and 
to fall to about 40 percent by 201 0 in Reference 
Case 2 .  

Projected commercial sector electricity 
consumption is almost identical in both Cases. 
Electricity consumption grows from 2 .9  QBTU 
in 1 990 to 3.8 QBTU in Reference Case 1 and 
3.7 QBTU in Reference Case 2 by 20 1 0. With-



out the availability in Reference Case 2 of a gas 
option for space cooling based on the technol­
ogy assumption, electricity captures virtually 
the entire space cooling load which holds up 
electricity consumption despite the slower 
growth in commercial square footage. This ex­
plicitly illustrates the importance of the technol­
ogy assumptions. 

Petroleum consumption (distillate fuel oil, 
residual fuel oil , and liquefied petroleum 
gases) is projected to remain virtually un­
changed between 1 99 0  and 20 1 0  in both 
Cases. Petroleum consumption is constrained 
to space heating predominantly in older build­
ings. With limited growth in requirements for 
space heating, the prospect for growth in 
petroleum consumption is limited. The im­
provement in the relative price of petroleum 
products results in no net market share gain. 

Natural Gas Consumption 

Total Consumption 

Figure 8-6 provides a comparison of total 
energy and natural gas demand from both 
Cases. Commercial sector gas consumption 
grew steadily through the early 1 970s, peaking 
at 2 .7 QBTU in 1 972 .  With strong increases in 
energy prices, an increased emphasis on con­
servation, and a rapid succession of economic 
downturns , growth in commercial gas con­
sumption stagnated for the balance of the 
1 970s and 1 980s. The level of consumption has 
varied on a year-to-year basis, but it has gener­
ally ranged between 2 .5 and 2 .  7 QBTU. Both 

Reference Cases show growth in commercial 
gas consumption resuming during the 1 990s. 

Natural gas is consumed in the commer­
cial sector predominantly for space heating. In 
1 990, just over 50 percent of the gas consumed 
in the commercial sector was for space heat­
ing. Substantial quantities of natural gas are 
also consumed for water heating, cogenera­
tion, and miscellaneous applications, which in­
clude cooking, process heat ,  and 

·
miscella­

neous uses. Water heating accounts for about 
5 percent of gas consumption, cogeneration 
about 7 percent , and other applications 35 per­
cent . Small amounts of natural gas are also 
consumed in the commercial sector for space 
cooling, predominantly in existing absorption 
systems. Gas consumption for space cooling 
accounts for ortly a little over 1 percent of total 
commercial gas consumption. 

The most important single long-term fac­
tor driving commercial gas demand growth in 
the future will be the successful penetration of 
new space cooling and cogeneration technolo­
gies. Because of gas's relatively small share of 
the current commercial space cooling market, 
this technology represents a potential growth 
market for natural gas. 

· 

The projections of natural gas consump­
tion diverge significantly in the Reference 
Cases. The major source of this difference is 
the technology assumption made in each Case 
and the assumed level of commercial square 
footage growth. As already highlighted, Refer­
ence Case 1 assumes the introduction of ortly 

TABLE 8·1 3 

COMMERCIAL SECTOR ENERGY CONSUMPTION IN THE LOWER-48 STATES 
REFERENCE CASES 1 AND 2 

Natural Gas 
Electricity 
Distillate Fuel Oil 
Residual Fuel Oil 
Uquefied Petroleum Gases 
Coal 

Total 

(Q uadrill ion BTU) 
1 990 

2.7 
2.9 
0.5 
0.2 
0. 1 
0. 1 

6.5 

2000 
Case 1 Case 2 

3.0 2.9 
3.3 3.2 
0.5 0.5 
0.2 0.2 
0.1 0. 1 
0.1 0. 1 

7.1 6.9 

201 0 
Case 1 Case 2 

3.5 3.1 
3.8 3.7 
0.6 0.5 
0.2 0.2 
0.1  0.1 
0. 1 0.1 

8.2 7.7 
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Figure 8-6. Commercial Energy Demand-Reference Cases 1 and 2. 

those new gas space cooling technologies. 
This implies the introduction of a gas heat 
pump as well as the introduction of an ad­
vanced double-effect absorption chiller and 
advanced engine-driven systems. Reference 
Case 2 adopts a more limiting technology as­
sumption about new gas-flred space cooling 
systems. In this Case, new gas technologies in­
cluding the gas heat pump are not introduced 
as gas options in the projection. This is a very 
conservative technology assumption and puts 
gas at a disadvantage relative to other fuels, 
particularly electricity. 

The second contributing factor to the di­
vergent projections of gas consumption is the 
lower assumed rate of growth in commercial 
square footage. In Reference Case 1 commer­
cial square footage is assumed to grow at 1 .  4 
percent per year between 1 990 and 20 10 .  In 
Reference Case 2 it is assumed to grow at a 
slower 1 .08 percent per year. With this as­
sumption, total commercial square footage is 
over 6 percent lower by 20 1 0  in Reference 
Case 2 when compared with Reference Case 1 .  

As a result of differences in the assump­
tions about technology and growth in square 
footage, gas consumption growth in the two 
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Cases is very different. In Reference Case 1 
gas consumption is projected to grow from 2 .7  
QBTU in 1 990 to  3.5 QBTU by 20 10 ,  or at 1 .3 
percent per year. However, with the more lim­
iting technology assumption and a reduced 
rate of growth in commercial square footage, 
gas consumption only grows to 3. 1 QBTU by 
20 1 0  in Reference Case 2 or by 0 .7  percent 
per year. 

Natural Gas Vehicles 
The projection of natural gas consumption 

in vehicles is included in the commercial sec­
tor. The penetration of gas in vehicles was de­
veloped exogenously to the model through an 
off-line analysis. The projected level of natural 
gas consumption in vehicles was identical in 
both Reference Cases. 

The analysis only considers vehicles man­
dated by the Clean Air Act Amendments of 
1 990 or California statutes to use clean fuels. 
As such, the analysis is a conservative estimate 
of natural gas use in vehicles. A number of 
other states have adopted California-like 
statutes since the analysis was done and the 
enacting legislation from the Clean Air Act 
Amendments is still being developed. 



The first step in the analysis was determin­
ing the estimated universe of potential vehicles 
and demand under the program. Four vehicle 
groups were targeted under the clean fuels 
program: urban buses, fleet vehicles, private 
vehicles (California only) , and some heavy­
duty trucks. Since this is a projection of future 
consumption it is important to consider how the 
existing population will change. The important 
determinants of the dynamics include: 

• Vehicles in operation 

• Miles of travel 

• Fuel consumption by vehicle type 

• Vehicle lifetime 

• Extent of U.S. vehicle population in af­
fected geographic areas 

• New vehicle sales level 

• Limiting provisions under the Amend­
ments (e.g. , fleet vehicle program limited 
to centrally-fueled fleets of 10  or more) . 

With these considerations, a potential 
clean-fuel level of consumption was estimated 
by vehicle type over time. This is the potential 
energy consumption in the affected clean-fuel 
vehicle populations. Table 8- 1 4  shows the esti­
mated potential level of consumption in clean­
fuel vehicles. 

Once the potential population and implied 
demand is identified, the penetration of natural 
gas vehicles (NGVs) into the population was 
determined. Natural gas is not the only clean 
fuel available. It is unlikely that natural gas will 
capture the entire clean-fuel vehicle market . 

For this analysis a fairly positive outlook for 
NGV penetration was assumed as follows: 

• 25 percent of urban buses 

• 25 percent of fleet vehicles 

• 1 0  percent in California of the pilot pro­
gram for private vehicles 

• 50 percent of other vehicle groups (e.g. , 
school buses and heavy trucks) . 

Based on these penetration assumptions, 
Table 8- 1 5  shows the projection of natural gas 
consumption in vehicles. 

INDUSTRIAL SECTOR 

Economic and Energy Assumptions 

Table 8- 1 6  summarizes the key economic 
and energy assumptions made for the indus­
trial sector in the Reference Cases. 

Reference Case 1 includes a more opti­
mistic outlook for industrial production growth 
and electricity demand than Reference Case 2. 
In both Cases, the change in the relative mix of 
production by Standard Industrial Classification 
(SIC) is assumed to continue based on the 
trends observed during the period from 1 983 
to 1 990 (this was previously discussed in the 
General Assumption discussion on projection 
philosophy) . Energy intensity improvement is 
also assumed to continue along the trends seen 
during the 1 980s in Reference Case 1 .  How­
ever, in Reference Case 2 energy intensity im­
provement is assumed to take place at the 
faster rate seen between 1 973 and 1 980 (this 
was previously discussed in the General As­
sumption discussion on projection philosophy) . 

TABLE 8·14 

POTENTIAL CLEAN-FUEL VEHICLE ENERGY CONSUMPTION 
(Trill ion BTU) 

1 990 2000 201 0 

Urban Buses 0.0 1 9.8 54.9 
School Buses 0.0 2.6 25 . 1  
Fleet LDV/LDT 0.0 80.2 1 94.9 
California Pilot Program 0.0 1 1 6.3 244.3 
Lt/Med HOTs 0.0 23.3 81 .3 
Other LDVILDT 0.0 0.0 0.0 

Total 0.0 242.2 600.5 
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TABLE 8-15 

COMPRESSED NATURAL GAS VEHICLE 
NATURAL GAS CONSUMPTION SCENARIO 

(Trillion BTU) 

Urban Buses 
School Buses 
Fleet LDVILDT 
California Pilot Program 
Lt/Med HOTs 
Other LDV/LDT 

Total 

The projection of industrial cogeneration in Ref­
erence Case 1 was based on the projection in 
the 1 993 Edition of the GRI Baseline Projection. 
The projected level of cogeneration in Refer­
ence Case 2 was reduced to reflect the lower 
steam demand in that Case. 

Industrial production is a particularly im­
portant determinant of industrial energy con­
sumption growth. However, an aggregate mea­
sure of industrial production growth is not 
adequate as a determinant of energy demand 
growth in a long-run projection because of 
variation in the mix of processes and differ­
ences in energy intensity by industry. The EEA 
model explicitly uses industrial production 
growth by the nine industry categories shown 
in Table 8- 1 7 .  However, this section will only 

1 990 2000 201 0 

0.0 
0.0 
0.0 
0.0 
0.0 
o�o 
0.0 

5.0 1 3.7 
1 .3 1 2.6 

20. 1  48.7 
1 1 .6 24.4 -
1 1 .7 40.7 
0.0 0.0 

49.6 1 40. 1 

discuss total industrial energy consumption 
and not consumption by industry. 

Energy Prices 

Table 8-1 8  compares the industrial sector 
energy prices in the Reference Cases. Starting 
in August 1 990 there was a spike in crude oil 
and petroleum product prices in response to 
the Iraq invasion of Kuwait. As a result, the av­
erage price of petroleum products in 1 990 was 
artificially inflated by events during that year. 
By contrast, natural gas prices did not generally 
respond to the spike in petroleum product 
prices but simply continued the gradual price 
erosion that began in the early 1 980s as a result 
of the gas bubble. The rate of growth between 
1 990 and 20 1 0  in delivered industrial energy 
prices in Reference Case 1 reflect these cir-

TABLE 8-1 6 
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INDUSTRIAL SECTOR ECONOMIC AND ENERGY ASSUMPTIONS 
(Percent Change Per Year: 1 990 to 201 0) 

Population Growth 
SIC Mix Of Production 
Electricity Demand 
Energy Efficiency Gains 

Reference Case 1 

2.70 
1 983-90 Trends 

1 .7 
1 993.:.90 Trends 

Industrial Cogeneration EEA Scenario For 
The 1 993 GRI 
Baseline Projection 

Reference Case 2 

2.25 
1 983-90 Trends 

1 .5 
1 973-80 Trends 

Minor Downward 
Adjustment In 
Growth To Match 
Slower Steam 
Demand Growth 



TABLE 8-1 7 

GROWTH IN INDUSTRIAL PRODUCTION BY INDUSTRY 
(Percent Change Per Year: 1 990 to 201 0) 

Industry Group 

Food 
Textiles 
Paper 
Chemicals 
Refining 
Stone, Clay & Glass 
Steel 
Aluminum 
All Other 

Total 

Growth Rate 
Reference Case 1 Reference Case 2 

2.7 2 . 1  
1 .8 1 .4 
3.0 2.3 
4. 1 3.2 
2.1 1 .7 
2.0 1 .8 
1 .3 1 .0 
3.0 2.3 
2.6 2.3 

2.7 2.25 

cumstances. As the gas bubble ends, natural 
gas prices � Reference Case 1 are projected 
to increase relatively rapidly, by 4.0 percent per 
year between 1 990 and 2000 , and petroleum 
product prices are projected to decline. In Ref­
erence Case 1 ,  over the entire projection pe­
riod, natural gas prices are projected to in­
crease at 2 .9 percent per year and residual and 

distillate fuel oil prices are both projected to in­
crease at roughly 1 .2 percent per year. 

Despite the faster projected growth in the 
price of natural gas, it remains competitive with 
both residual and distillate fuel oil through 20 10 
in Reference Case 1 .  Gas prices are projected 
to remain significantly below distillate fuel oil 
prices over the entire projection and remain 

TABLE 8·1 8 

INDUSTRIAL SECTOR ENERGY PRICES IN THE LOWER-48 STATES 
REFERENCE CASES 1 AND 2 

{1 990$/MMBTU) 

1 990 2000 201 0 
Case 1 Case 2 Case 1 Case 2 

Natural Gas 2.50 3.70 2.50 4.44 3.65 

Residual Fuel Oil 

2.0% Sulfur 3.27 3.03 2.36 4.21 2.92 
1 .3% Sulfur 3.40 3. 1 6  2.49 4.30 3.04 
0.7% Sulfur 3.64 3.40 2.71 4.59 3.28 
0.3% Sulfur 3.89 3.74 3.06 4.92 3.62 

Distil late Fuel Oil 5. 1 8  5.00 4.27 6.58 5. 1 9  

Coal 

High Sulfur 1 .54 1 .46 1 .39 1 .43 1 .35 
Low Sulfur 1 .67 1 .85 1 .70 1 .88 1 .75 

Electricity 1 4.07 1 4.03 1 3.76 1 4.80 1 4.24 
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competitive with both 0. 7 and 0.3 percent sulfur 
residual fuel oil. However, gas prices are not 
projected to remain below the price of 2 .0 per­
cent and 1 .3 percent sulfur residual fuel oil in 
the future. The gas price advantage that exists 
today relative to these two grades of residual 
fuel oil is a function of the gas bubble. How­
ever, with growing restrictions on S02 emis­
sions , continued consumption of these two 
grades of residual fuel oil will require expen­
sive equipment modifications, the purchase of 
emissions credits, or offsets. A strict compari­
son of the BTU delivered price of the fuels to 
gas is, therefore, not a fair measure of relative 
competitiveness. 

In Reference Case 2 ,  the scenario as­
sumptions significantly impact the near-term 
energy price tracks. Crude oil prices are as­
sumed to remain flat at $20 per barrel (which is 
lower than the average price in 1 990) over the 
entire projection period and, as a result , 
petroleum product prices decline relative to 
the prices in 1 990. Petroleum product prices, 
in general, decline by about 0 .6  percent per 
year between 1 990 and 2000. Because of the 
lower petroleum product prices and other con­
straints on gas consumption, natural gas prices 
do not increase from 1 990 levels through 2000 
in Reference Case 2. In effect , the gas supply 
bubble is extended through the year 2000. Af­
ter 2000 , however, as gas consumption begins 
to grow (primarily in the electric power sector) 
gas prices are projected to increase and sup­
plies become tighter. While petroleum prod­
uct prices do increase somewhat over the 
same period, they increase at rates slower than 
the price of natural gas. On a BTU basis , 
petroleum products appear to improve com­
petitively versus natural gas. However, as was 
the case in Reference Case 1 ,  with tightening 
emissions restrictions, price is not necessarily 
an accurate measure of competitiveness. 

In both Reference Cases, based on the 
BTU delivered price of the fuels, gas's compet­
itiveness declines relative to coal. In Refer­
ence Case 1 ,  high sulfur coal prices decline 
by 0 .4  percent per year between 1 990 and 
20 1 0 and low sulfur coal prices increase at 
only 0.6 percent per year. In Reference Case 
2 ,  high sulfur coal prices are projected to de­
cline at 0 . 7  percent per year between 1 990 
and 20 1 0  and low sulfur coal prices are pro­
jected to increase at only 0.2 percent per year. 
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Over the same period, natural gas prices are 
projected to increase by 2 .9  percent per year 
in Reference Case 1 and by 1 . 9 percent per 
year in Reference Case 2 .  Part of the reason 
for the decline in high sulfur coal prices is the 
growing number of constraints on high sulfur 
coal use due to tougher emission standards. 
This has the effect of creating a high sulfur coal 
supply surplus. As has been the case through­
out this analysis, a comparison of strictly the 
BTU delivered price of various fuels may not 
be a good relative measure of competitive­
ness. Other non-price considerations, which 
may impact the users' absolute ability to use 
the fuel or the capital investment required, 
need to be considered as well. 

The real price of electricity is projected to 
remain flat in both Reference Cases. Electricity 
prices are projected to grow only at the rate of 
inflation. Therefore, electricity's competitive­
ness, on a relative BTU basis, improves relative 
to natural gas in both Cases. This does not 
necessarily imply that electricity gains an abso­
lute competitive advantage relative to natural 
gas in the industrial sector. First , electricity 
and natural gas do not compete directly for 
many markets. Electricity is not generally used 
in boiler applications and is not used in many 
process heat applications. Further, electricity 
cannot be used as a feedstock. Second, de­
spite the slower projected rate of growth, elec­
tricity prices remain much higher on a BTU ba­
sis than other fuels ; between 3 and 4 times 
higher than natural gas by 20 1 0. The differ­
ence in fuel price needs to be compensated for 
by higher equipment efficiency, lower capital 
costs, reduced emissions (or simpler compli­
ance) , or some other attribute .  Therefore, 
while electricity prices become more competi­
tive relative to natural gas, it is not clear that 
they will capture a major share of the market 
currently held by natural gas based on fuel 
price alone. 

Energy Consumption 

As noted earlier, industrial energy con­
sumption, as shown in Table 8- 1 9 ,  excludes 
certain types of industrial energy consumption: 
petroleum feedstocks, coking coal, and certain 
categories of petroleum fuel, and power con­
sumption (liquefied gases, kerosene, gasoline, 
still gas, petroleum coke, and crude product) . 
Industrial consumption as discussed in this 



TABLE 8-1 9 

INDUSTRIAL SECTOR ENERGY CONSUMPTION IN THE LOWER-48 STATES 
REFERENCE CASES 1 AND 2 

(Quadrillion BTU) 

1 990* 2000 201 0 
Case 1 Case 2 Case 1 Case 2 

Fuel & Power (7.0) (7.9) (6.6) (8.9) (6.1 ) 
Lease & Plant (1 . 1 ) (1 . 1 ) (1 .0) (1 .3) (1 . 1 ) 

Total Natural Gas 8.1 9.0 7.5 1 0.2 7.2 

Electricity 3.2 3.7 3.6 4.5 4.3 
Disti llate Fuel Oil 1 .2 1 . 1 1 .0 1 .2 1 .0 

High Sulfur (0.3) (0.3) (0.5) (0.2) (0.3) 
Low Sulfur (0.3) (0.6) (0.6) (0.4) (0.4) 

Total Residual Fuel Oil 0.6 0.9 1 .1 0.6 0.7 

Coal 1 .7 1 .9 1 .6 2.2 1 .5 

Total 1 4.7 1 6.6 1 4.8 1 8.6 1 4.6 

* Excludes petroleum consumed as feedstocks which represented an estimated 4.4 QBTU of 
consumption in 1 990. It also excludes liquefied petroleum gases, kerosene, gasoline, still gas, 
petroleum coke, and crude product consumed for industrial fuel and power. These excluded 
petroleum products accounted for an 2.5 QBTU of industrial energy consumption in 1 990. 

section only refers to the subset of industrial 
fuel and power energy consumption shown in 
Table 8- 1 9 .  The subset of industrial energy 
consumption included in this discussion ac­
counts for about 65 percent of total industrial 
energy consumption. 

The industrial sector is the largest end-use 
energy-consuming sector (i.e. , residential, com­
mercial, industrial, and transportation) in the 
United States. Among all energy-consuming 
sectors, only the electric power sector uses 
more energy. In 1 990, the industrial sector ac­
counted for 39 percent of total delivered energy 
consumption to the end-use sectors. 

The industrial sector has a long history of 
steady improvement in energy conservation 
dating back to before the oil price spikes of the 
1 970s. However, the strong increase in indus­
trial production between 1 986 and 1 989 ap­
pears to have slowed improvement in energy 
conservation significantly: 

The slowdown and, in fact, reversal of the 
trend in energy conservation between 1 986 

and 1 989 resulted from the increased use of 
existing production capacity. Capacity utiliza­
tion increased from 79  percent in 1 986 to over 
84 percent in 1 989 . This involved the use of 
less efficient, older equipment. During the re­
cession, this trend was reversed as the older, 
less efficient equipment was the first to be re­
moved from service, much of it permanently. 
With recovery providing a spur to capital in­
vestment and reflecting improved efficiencies 
of production (due to recession-induced belt 
tightening) , it is expected that the rates of in­
dustrial energy conservation will again begin 
to improve. In fact, continued energy efficiency 
improvement was made an explicit assumption 
in both Reference Cases. 

Based on the subset of consumption in­
cluded in Table 8- 1 9 ,  industrial energy con­
sumption for fuel and power is dominated by 
natural gas in 1 990 . Natural gas accounts for 
55 percent of consumption . Electricity ac­
counts for 22 percent . Together, residual and 
distillate fuel oil account for just over 1 2  per­
cent . Coal accounts for about the same share 
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as residual and distillate fuel oil , almost 1 2  
percent. 

As shown in Table 8- 1 9 ,  total industrial fuel 
and power energy consumption is projected to 
grow at an annual rate of 1 .2 percent in Refer­
ence Case 1 .  However, it is not projected to 
grow at all in Reference Case 2. 'Ibtal energy 
consumption growth is significantly slower than 
assumed industrial production growth of 2 .  7 
percent per year in Reference Case 1 and 2.25 
percent per year in Reference Case 2 .  This im­
plies significant improvement in energy inten­
sity. In Reference Case 1 ,  energy consumption 
per 1 977 dollar of output is projected to fall 
from 7,355 BTU in 1 990 to 5,468 BTU by 2010 ,  
or by 1 .5 percent per year. In Reference Case 
2 over the same period, energy intensity per 
dollar of output is projected to decline to 4 ,679 
BTU by 20 10, or at 2 .3 percent per year. 

The two Reference Cases present very 
different outlooks for industrial natural gas 
consumption. In Reference Case 1 ,  natural gas 
consumption is projected to continue the 
growth experience since 1 986 reaching 9 .0  
QBTU by 2000 and 1 0.2  QBTU by 20 1 0. In this 
Case , gas consumption is projected to in­
crease at 1 .2 percent per year. In Reference 
Case 2 ,  the increase implied in energy con­
sumption by growth in industrial production is 
completely offset by improvement in energy 
intensity. The sharp decline in petroleum 
product prices discussed earlier, particularly 
residual fuel oil, worsens gas's competitive po­
sition and natural gas loses some market share 
to oil through 2000. Further, in this Case, · elec­
tricity continues to make inroads in the indus­
trial sector and gains market share from all 
fuels. The result of all of these factors is a net 
projected decline in natural gas consumption 
between 1 990 and 201 0  in Reference Case 2 .  
Projected gas consumption falls from 8. 1 QBTU 
in 1 990 to only 7 .2 QBTU by 201 0, or a 0.6 per­
cent decline per year. 

Industrial electricity consumption is pro­
jected to continue to gradually increase in both 
Cases. Electricity consumption grows from 3.2 
QBTU in 1 990 to 4.5 QBTU in Reference Case 1 
and 4 .3 QBTU in Reference Case 2 by 20 10 .  
While natural gas faces price competition from 
residual fuel oil anc:l distillate fuel oil in boiler 
applications, electricity provides strong com­
petition in process heat applications. Further, 
electricity accounts for the dominant share of 
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energy consumption for small motors for ma­
chine drive and, of course, lighting. The in­
creased emphasis on the environment, particu­
lar in Reference Case 2 ,  also provides an 
advantage to electricity. In some circum­
stances, the difficulty involved in the use of a 
fossil fuel because of emissions restrictions 
may make "ease of use" the most important 
criteria in energy selection. The choice of 
electricity over the fossil fuels completely elim­
inates the need for the industrial user to be 
concerned about emissions restrictions. 

With the sharp decline projected in resid­
ual and distillate fuel oil prices between 1 990 
and 2000 in both Reference C ases ,  total 
petroleum consumption increases from 1 .8 
QBTU in 1 990 to 2 .0 QBTU in Reference Case 1 
and 2 . 1 QBTU in Reference Case 2 by 2000. 
However, in the post-2000 period with in­
creases in the petroleum product prices and 
stiffer emissions requirements, petroleum con­
sumption is projected to decline from 2000 lev­
els in both Cases. Total petroleum consump­
tion falls to 1 .8 QBTU in Reference Case 1 and 
1 .7 QBTU in Reference Case 2 by 20 10 .  The 
entire decline in both Cases is in residual fuel 
oil consumption. 

Coal has a BTU price advantage over all of 
the other fuels. In fact, this price advantage is 
projected to grow over the projection time 
frame. However, consumption of coal generally 
requires a larger capital investment than the 
other fuels and restrictions on emissions have a 
greater impact on coal than other fuels. Fur­
ther, the potential for stricter emissions creates 
a degree of uncertainty or risk when consum­
ing coal. Growth in coal consumption depends 
on strong production growth and continued rel­
ative low prices to offset the greater capital in­
vestment and risk associated with coal use. In 
Reference Case 1 ,  industrial production is · as­
sumed to grow at 2 .7 percent per year. The ra­
tio of gas to coal prices is projected to increase 
from 1 .6: 1 in 1 990 (natural gas verSus high sul­
fur coal) to 3. 1 :  1 by 2010 .  As a result, coal con­
sumption is projected to increase from 1 . 7 
QBTU in 1 990 to 2 . 2  QBTU by 20 1 0 . With 
slower industrial production growth (2.25 per­
cent per year) and lower gas and petroleum 
product prices (the ratio of gas to coal prices 
increases from 1 .6 : 1 in 1 990 to 2 .7 : 1 by 20 10) ,  
coal consumption declines to 1 .5 QBTU by 
20 10  in Reference Case 2 .  



Natural Gas Consumption 

Table 8-20 provides a detailed breakdown 
of total industrial fuel and power consumption 
of natural gas in the Reference Cases. 

From 1 986 to 1 990, fuel and power con­
sumption of natural gas grew sharply: by 1 0  
percent in 1 987 , by over 5 percent in 1 988, by 
6 percent in 1 989, and by an additional 6 per­
cent in 1 990. The growth in these years repre­
sented a change in direction from the trend that 
had been seen in the years before 1 987 . In­
dustrial natural gas consumption for fuel and 
power had been falling steadily since the early 
1 970s before bottoming out in 1 986 at roughly 
6. 1 QBTU. 

There are four major components of in­
dustrial fuel and power consumption of natural 
gas in the industrial sector: boilers, non-boilers 
(process heat) , cogeneration (including EOR) , 
and lease and plant. Non-boiler consumption 
of natural gas represents the largest portion, 
over 40 percent in 1 990. Consumption of gas 
in boilers accounts for about 35 percent, co­
generation accounts for over 9 percent , and 
lease and plant consumption of natural gas at 
drilling sites represents about 1 3  percent. 

The most price-sensitive portion of the in­
dustrial fuel and power market is the boiler 
market . To maintain total industrial gas vol­
umes, the natural gas share of the boiler mar-

ket must be defended with technology ad­
vances and competitive pricing. In Reference 
Case 1 with competitive gas prices and rela­
tively strong growth in industrial production, 
gas consumption in boilers is projected to in­
crease from 2 .8 QBTU in 1 990 to 3.8 QBTU by 
201 0. However, in Reference Case 2 with rela­
tively weak industrial production growth , 
strong efficiency improvement , and strong 
price competition from petroleum products, 
natural gas consumption declines to only 2 .2  
QBTU by 20 10 .  

While listed separately in Table 8-20 , the 
boiler market and cogeneration are directly re­
lated. In a cogeneration system, the production 
of steam is done in conjunction with the gener­
ation of power. The single best opportunity to 
increase the gas share in the boiler market is 
with cogeneration. Cogeneration technologies 
optimize the assets of gas in both steam and 
power applications and also serve a portion of 
the direct industrial electrical load. Consump­
tion of gas in cogeneration is projected to grow 
from 0.7 QBTU in 1 990 to 1 .5 QBTU in Refer­
ence Case 1 and 1 .4 QBTU in Reference Case 
2 by 20 1 0 .  Without the increased gas con­
sumption for cogeneration, total gas consump­
tion would grow significantly slower than shown 
in Table 8-20. 

Currently; gas dominates the provision of 
non-boiler services (or process heat) . In 1 990 

TABLE 8-20 

INDUSTRIAL SECTOR NATURAL GAS CONSUMPTION 
IN THE LOWER-48 STATES BY APPLICATION 

REFERENCE CASES 1 AND 2 
(Tril l ion BTU) 

1 990 2DDD 2DlD 
Case 1 Case 2 Case 1 Case 2 

Boilers 2,831 3, 1 1 4 2,391 3,783 2,224 
Non-Boilers 3,467 3,501 2,943 3,637 2,41 1 
Cogen/EOR* 748 1 ,253 1 ,21 7 1 ,488 1 ,447 
Lease & Plant 1 ,061 1 , 1 35 997 1 ,253 1 ,068 

Total 8,1 07 9,003 7,548 1 0,1 61 7,1 50 

* Gas consumption for cogeneration is defined here as incremental consumption for 
power generation. It includes only the net increase in gas consumption directly due to the 
generation of electricity and excludes the portion of energy consumption attributable to 
the raising of steam. The portion of energy consumption attributable to the raising of 
steam is included under boilers. 
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gas was estimated to have almost 70 percent of 
all non-boiler services. In Reference Case 1 ,  
gas consumption for non-boiler services is 
projected to grow from 3.5 QBTU in 1 990 to 3.6 
QBTU in 20 10 .  In Reference Case 2, however, 
gas consumption for non-boiler services is 
projected to fall to only 2.4 QBTU by 201 0. 

Much of the competition for non-boiler 
services is really an expected competition be­
tween gas and electricity. The high share of 
natural gas in non-boiler applications is an ob­
vious target for increasing industrial electricity 
consumption. Natural gas competes with elec­
tricity in metal melting, smelting, metal heat­
ing, metal heat treating, drying, and certain 
types of glass manufacturing. The competition 
with coal is restricted to calcining and clay fir­
ing. Competition between gas and electricity 
(and in some select applications with coal) will 
increase in non-boiler applications, and gas 
technologies will have to keep pace with 
evolving industrial processes. 

ELECTRIC POWER SECTOR 

Much of the expectation about increased 
natural gas consumption in the future concerns 
the generation of electricity. As such, the major 
portion of the modeling work and analytical ef­
fort was directed at the projection of energy 
consumption for electricity generatio:n. 

The electric power sector is infinitely 
more complicated today than it was five or ten 
years ago. Today, electricity is generated, 
s_old, and transmitted under a multitude of in­
stitutional arrangements. Potential electricity 
generators include utilities, cogenerators in the 
industrial and commercial sectors, indepen­
dent power producers (IPPs) , small power pro­
ducers (SPPs) , and utilities in Canada or Mex­
ico that export power to the United States. The 
regulations each of these generators face, the 
cost of generation, the fuels and technologies 
selected, and the terms of sale vary signifi­
cantly. Even the accounting for energy con­
sumed for electricity generation is more com­
plicated today. For example ,  the energy 
consumed for industrial and commercial co­
generation is usually included in the statistics 
for those sectors and the energy for IPPs is in­
cluded in statistics for the industrial sector. 
The energy consumed for electricity genera­
tion by electric utilities, IPPs, and SPPs is ac-
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counted for in the electric generation sector. 
Finally; the energy consumed by foreign utili­
ties for electricity that is exported to the U.S. is 
completely excluded from the U.S. primary en­
ergy balance. 

This section only deals with energy con­
sumed for electricity generated by electric util­
ities, IPPs, and SPPs; natural gas consumed by 
IPPs has been reclassified from the industrial 
sector and reclassified here. The energy con­
sumed by industrial and commercial cogener­
ators is accounted for in those sectors. While 
the EEA model accounts for firm plans for new 
IPP and SPP generating capacity, the model 
does not make an explicit distinction in the 
forecast of new capacity decisions between 
electric utilities, IPPs, and SPPs. Therefore, po­
tential biases in fuel mix, financing arrange­
ments, and other factors are not accounted for. 
The implicit assumption is that the electricity 
will need to be generated by some entity and 
that the distinctions between electric utilities, 
IPPs, and SPPs will not significantly impact the 
selection of fuel or capacity type over the ex­
tended forecast. 

In 1 990, gas consumption by electric utili­
ties, IPPs, and SPPs amounted to only 2.9 QBTU, 
just over 1 5  percent, of total lower-48 U.S. gas 
consumption. By 20 1 0, this demand is pro­
jected to reach 5.4 QBTU in Reference Case 1 
and 4.9 QBTU in Reference Case 2 .  However, 
the achievement of this growth is heavily de­
pendent on the resolution of many issues con­
cerning natural gas consumption for electricity 
generation. The forecast, itself, is heavily de­
pendent on a set of assumptions made as part 
of the analysis . These assumptions are re­
viewed in the next section of this chapter. 

Economic and Energy .Assumptions 

Table 8-2 1 summarizes the key economic 
and energy assumptions made for the electric 
power sector in the Reference Cases. 

Purchased Electricity Growth 

Energy demand to generate electricity is 
a derived demand. It is a function of the de­
mand by the end-use sectors (residential, com­
mercial, industrial, and transportation) for ser­
vices such as space heating, space cooling, 
lighting, and machine drive. The mix of ser­
vices met with electricity and the ability to use 



TABLE 8-21 

ELECTRIC POWER SECTOR ECONOMIC AND ENERGY ASSUMPTIONS 

Electricity Demand Growth 

Repowering 

Heat Rate Improvement 

Gas Transportation 

Price Expectations 

Institutional Constraint On 
New Coal-Fi red Capacity 

Capital Costs 

Reference Case 1 

1 .62% per year 

Adds 21 GW To Existing 
OiVGas Capacity 

New Units Improve By 6% 
Over 1 990 Technology 

Existing Units Improve By 2 -
3% Due To Refurbishment 

New Gas-Fired Units 
Suppl ied Under Firm 
Transportation Rates 

Existing Gas-Fired Units 
Supplied Under 
Interruptible Transportation 
Rates 

Gas Prices Ramp Toward 
Residual Fuel Oil Price 
Equivalent 

Additional New Coal-Fired 
Capacity Constrained To 
Published Utility Plans 
through 2000, Full 
Economic Calculation 
Beginning In 2004 

Consistent With New 
Grassroots Facility 

Reference Case 2 

1 .30% per year 

Adds 1 5  GW To Existing 
OiVGas Capacity 

Same 

Same 

Same 

Same 

Same 

Same 

Less Than Grassroots 
Facility, Assumes 
Construction At Existing 
Generating Site 

other fuels to provide the service in place of 
electricity varies by sector. For example, there 
are no alternatives to electric lighting in any of 
the sectors. However, direct process heat ser­
vices, which are specific to the industrial sec­
tor, can be provided by electricity or natural 
gas. The mix of services and the share of total 
electricity demand in each sector helps to de­
termine the revenues and, in turn, the price of 
electricity. 

determined strictly by an economic competi­
tion in the model. In Reference Case 1 ,  pur­
chased electricity is assumed to grow at 1 .62 
percent per year. In Reference Case 2 ,  aggre­
gate purchased electricity by the end-use sec­
tors is assumed to grow at a slower 1 .3 percent 
per year. Both growth rates refer to demand, 
which is incremental to electricity provided by 
self generation. 

The rate of purchased electricity growth in 
each of the end-use sectors was based on effi­
ciency trends and fuel competition in each 
end-use sector and the targets for total electric­
ity growth selected by the Task Group. The 
rate of growth in purchased electricity was not 

The rate of growth in purchased electricity 
in Reference Case 1 was initially set equal to 
the rate of growth reported by the North Amer­
ican Electric Reliability Council (NERC) , 
roughly 1 .9 to 2 .0 percent per year. However, 
the Task Group felt that DSM efforts by utilities 
would likely restrain electricity demand growth 
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in the future to rates less than what is currently 
reported by the NERC. As a result , a lower, 
1 . 62  percent per year rate of growth was 
adopted in Reference Case 1 .  The 1 .3 percent 
per year rate of growth adopted in Reference 
Case 2 was set roughly proportional to the 
lower rate of economic growth (GNP) used in 
that Case. 

The rate of growth in purchased electricity 
is not constant across the projection. The rate 
of growth tends to be lower in the earlier years 
of the projection and higher in the later years. 
This pattern represents a reversal of recent ob­
served historical trends. The rate of growth in 
electricity demand has slowed steadily in each 
decade since the 1 950s. In Reference Case 1 ,  
purchased electricity grows at 1 .5 percent per 
year between 1 990 and 2000 and at a faster 1 .8 
percent per year between 2000 and 20 1 0. The 
same relationship holds in Reference Case 2 .  
Between 1 990 and 2000, purchased electricity 
is assumed to grow at 1 . 1  percent per year in 
this Case. Between 2000 and 20 1 0, it grows at 
a faster 1 .5 percent per year. This change in 
the growth trend reflects an assumption of 
strong near-term impacts from DSM programs, 
strong efficiency improvement in each of the 
end-use sectors, moderate growth in commer­
cial square footage during the 1 980s, and very 
rapid near-term growth in industrial cogenera­
tion, which holds down purchased electricity 
growth. 

The change in the growth rate trend is im­
portant in the selection of the fuel for new gen­
erating capacity. The economics of new natural 
gas-fired generating capacity are more favor­
able in the earlier years of the projection. How­
ever, the economics of new coal-fired generat­
ing capacity look better in the later years of the 
projection. 

Repowering 

Over 65 percent of the existing generating 
capacity in 1 990 were steam units. Over 30 
percent of these units, or over 20 percent of to­
tal U.S. generating capacity in 1 990, were fired 
by either natural gas or petroleum. In many 
circumstances these units tend to be old and 
relatively inefficient. They offer the potential for 
repowering through the reworking of boilers, 
retrofit with waste heat boilers, or the addition 
of combustion turbines. In many situations re­
powering can by done at lower cost than build-
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ing a completely new facility and the end result 
is a more efficient generating unit (though gen­
erally less efficient than a completely new unit) 
with a higher rated capacity. Furthermore, in 
some situations, updating an existing generat­
ing unit avoids siting issues and emissions per 
kwh generated are reduced. 

Reference Case 1 assumes that about 25 
percent of existing oil and gas-fired generating 
capacity is repowered (roughly 52 gigawatts) 
instead of retired. Through re-rating, this adds 
2 1  gigawatts to total oil- and gas-frred capacity 
in this Case. In Reference Case 2 only about 
35 gigawatts are assumed to be repowered. 
This adds 15 gigawatts to total oil and gas-fired 
capacity by 20 10 .  The remaining oil- and gas­
fired units are assumed to be refurbished 
rather than retired. Refurbishment is assumed 
to have no impact on the rated capacity. 

Neither Reference Case includes an as­
sumption of coal repowering. However, both 
Cases assume that the bulk of existing coal­
fired generating capacity is refurbished and 
not retired. Only 3 percent of coal-frred capac­
ity existing in 1 990 is assumed to be retired be­
tween 1 990 and 20 1 0. 

Heat Rate Improvement 

The relationship between the generation 
of electricity and total energy demand for gen­
eration is generally straightforward. As more 
electricity is generated, the demand for energy 
input increases. However, the increase in en­
ergy demand for electricity generation is offset 
to some degree by improvements in generat­
ing capacity efficiency; which is measured by 
the generating capacity's heat rate. The heat 
rate is defined as the number of BTU required 
to produce one kilowatt-hour of electric energy. 

In both Reference Cases, heat rate im­
provement for new and average generating ca­
pacity is measured by an index ( 1 990 equals 
1 00) . The heat rate of new coal and gas/oil­
frred generating capacity is assumed to im­
prove by 6 percent by 20 1 0; in both Cases, the 
index falls to 94. The stock average heat rate is 
determined as a weighted average of new and 
previously existing generating capacity. As a 
general rule, the stock average heat rate im­
proves by about 4 percent by 20 1 0  in both 
Cases. However, the stock average heat rate 
improvement in Reference Case 2 is somewhat 



slower than in Reference Case 1 because of the 
installation of less new capacity due to lower 
electricity demand growth. 

Gas Transportation 

The vast majority of the gas consumed for 
electricity generation today is purchased on 
spot markets and transported under interrupt­
ible contracts. However, while it varies by re­
gion, the average capacity utilization factor of 
existing gas-flred capacity is only about 20 
percent . The projected growth in gas con­
sumption for electricity generation is contin­
gent upon the installation of significant quanti­
ties of new gas-fired c apacity, primarily 
combined-cycle units, for use in intermediate 
and base load service. In this application, the 
capacity factor of the newly installed capacity 
will be significantly above the average of 20 
percent today. Under this circumstance , the 
transportation of natural gas under interrupt­
ible contracts may not provide the service reli­
ability required by the electric generator. As a 
result , for both Reference Cases the Task 
Group felt that the decision concerning new 
generating capacity should be based on gas 
prices using firm transportation rates. Existing 
capacity, however, is assumed to continue to 
run based on gas prices using interruptible 
rates. The assumption of flrm transportation 
rates for new capacity decisions represents a 
conservative assumption in the analysis. 

Price Expectations 

The approach concerning price expecta­
tions was previously addressed in the General 
Assumption discussion on projection philoso­
phy. In general, the decisions concerning the 
selection of new generating capacity is not 
based on perfect foresight . The Task Group 
decided to assume in both Reference Cases 
that decision makers assume that delivered 
natural gas prices move toward residual fuel oil 
prices in each region with some lag period (5 
years) and then follow residual fuel oil prices 
over time. In the electric power sector this 
price expectation approach is complicated by 
the assumption of firm transportation rates for 
new generating capacity decisions. While the 
commodity price of natural gas is generally be­
low residual fuel oil prices in all regions, with 
the additions of demand charges for firm trans­
portation the delivered price may be above 

residual fuel oil prices in some regions in the 
initial year. In this Case , the delivered gas 
price is held constant in real terms until it is 
equal to the residual oil price . Once their 
prices are equal, the delivered gas price is as­
sumed to track the residual fuel oil price. 

Institutional Constraints on 
New Coal-Fired Capacity 

The approach concerning institutional 
constraints on new coal-fired generating ca­
pacity was previously addressed in the General 
Assumption discussion on projection philoso­
phy. In general, the Task Group felt that utilities 
faced an institutional constraint limiting the po­
tential for the planning and construction of new 
coal-fired power plants in the near term. This 
constraint is assumed to persist until the late 
1 990s, when natural gas prices are clearly es­
calating (dispelling the perception that natural 
gas prices will remain near $2 .00 per MCF for­
ever) , excess base load generating capacity 
has been worked off in most regions, utility fi­
nancial problems have been resolved, and reg­
ulators, recognizing the need for new generat­
ing capacity, adopt attitudes that encourage 
utilities to install more capital intensive, coal­
fired capacity. 

To reflect this non-quantifiable , institu­
tional constraint, the Task Group incorporated a 
constraint on the addition of new coal-flred 
generating capacity beyond those plants al­
ready planned. The Task Group established 
gas share floors that limited coal penetration in 
the near term. The model determination of 
new capacity was not based · strictly on eco­
nomics until 2004 . Start-up of a plant in 2004 
implies that a utility announces the plant and 
begins the process leading to construction be­
tween 1 996 and 1 999.  This limitation was ap­
plied in both Reference Cases. 

Capital Costs 

In Reference Case 1 ,  the capital costs for 
new gas- and coal-fired generating capacity 
in the base year ( 1 990) were derived from the 
1 989 EPRI TAG report with some adjustments. 
The gas-flred capacity costs were increased 
from the TAG costs to reflect data concerning 
new plants currently coming on-line . The 
gas-fired combined-cycle unit is assumed to 
cost $700 ( 1 990$) per kilowatt in 1 990. The 
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coal-fired unit capital costs were developed 
for two plant sizes, small (300 megawatt) and 
large (500 megawatt) . In 1 990 dollars, the 
small coal unit is assumed to cost $ 1 , 624 per 
kilowatt and the large unit $ 1 ,382 per kilowatt . 
The real capital costs for both the small and 
large coal and natural gas-fired capacity were 
escalated after 1 990  at 1 percent per year. 
These capital costs are representative of the 
costs for a new green field facility. The costs 
for a new green field facility are used as the 
basis for the competition in Reference Case 1 .  

Due to the slower rate of capacity addi­
tions in Reference Case 2 ,  a larger portion of 
the new coal-fired capacity will be built at ex­
isting generating sites. It is typically cheaper to 
add capacity at existing generating sites since 
many of the costs involved in a new green field 
facility can be avoided. For example, the costs 
involved with coal handling, site preparation, 
land acquisition, and water may all be either 
eliminated or shared. The Task Group, there­
fore , felt it was unreasonable to use the full 
green field cost for new coal units in Reference 
Case 2 .  From an examination of the detailed 
costs broken out in the EPRI TAG report , the 
Task Group determined that the new coal-fired 
capacity costs used in Reference Case 2 for the 
new capacity competition should be reduced 
by 23 percent for the large units and by 27 per­
cent for the small units. The same assumption, 
however, was not implemented for natural gas. 

Energy Prices 

Table 8-22 compares the price of deliv­
ered energy by fuel type to the electric power 
sector in the Reference Cases. As was the case 
for the price of energy delivered to the indus­
trial sector, the petroleum product prices 
shown in Table 8-22 for 1 990 are artificially in­
flated by the events following Iraq's invasion of 
Kuwait . Natural gas prices,  however, did not 
generally respond to the spike in petroleum 
product prices in 1 990 but simply continued 
the gradual price erosion which began in the 
early 1 980s. The projected rate of growth in 
delivered energy prices to the power sector 
between 1 990 and 20 1 0  in Reference Case 1 
reflect these circumstances. As the gas bubble 
ends, natural gas prices are projected to in­
crease at a relatively rapid 4.8 percent per year 
between 1 990 and 2000, and petroleum prod­
uct prices are projected to decline. Over the 
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entire projection period, natural gas prices are 
projected to increase at 3 .6  percent per year 
and residual and distillate fuel oil prices are 
both projected to increase at roughly 1 .2 per­
cent per year, with some variation by residual 
fuel oil sulfur category. 

The relative projected rates of growth in 
delivered natural gas and petroleum product 
prices in Reference Case 2 reflect the same 
factors as Reference Case 1 .  However, the im­
pact of starting from high petroleum product 
price levels in 1 990 is exacerbated in this Case 
by the assumption of flat real crude oil prices 
between 1 990 and 20 1 0. Due to the lower pro­
jected level of demand, gas prices are also sig­
nificantly lower in this Case. Between 1 990 and 
20 1 0 ,  natural gas prices are projected to in­
crease at 2 .4 percent per year. Residual and 
distillate fuel oil prices are both projected to 
decline over this period .  Residual fuel oil 
prices decline by between 0 .2  and 0.5 percent 
per year, depending on the sulfur category; 
and distillate fuel oil prices decline but only by 
a few cents. 

Despite the faster projected growth in the 
price of natural gas, it remains competitive with 
both residual and distillate fuel oil through 20 1 0  
in both Reference Cases. Gas prices are pro­
jected to remain significantly below distillate 
fuel oil prices over the entire projection in both 
Cases and remain competitive with both 0 .7  
and 0.3 percent sulfur residual fuel oil. How­
ever, gas prices are not projected to remain 
below the price of 2 .0  and 1 .3 percent sulfur 
residual fuel oil over the entire projection pe­
riod in both Cases. In Reference Case 1 ,  natu­
ral gas prices are projected to be above 2 .0  
and 1 .3 percent sulfur residual fuel oil by 2000. 
The price of natural gas is projected to, again, 
fall below that of 2 . 0  and 1 .3 percent sulfur 
residual fuel oil by 201 0 .  In Reference Case 2 ,  
which assumes no growth in  real crude oil 
prices, natural gas prices remain above 2 .0 and 
1 .3 percent sulfur residual fuel oil over the en­
tire projection. 

The BTU price of the fuel is not the only 
consideration in the selection of natural gas or 
petroleum for power generation, particularly 
not in the decision of what type of generating 
capacity to choose. With the enacted restric­
tions on S02 emissions under the Clean Air Act 
Amendments of 1 990, continued consumption 
of the higher sulfur grades of residual fuel oil 



TABLE 8·22 

ELECTRIC POWER SECTOR ENERGY PRICES IN THE LOWER-48 STATES 
REFERENCE CASES 1 AND 2 

(1 990$/MMBTU) 

1 990 

Natural Gas 2. 1 0 

Residual Fuel Oil 

2.0% Sulfur 3.27 
1 .3% Sulfur 3.44 
0.7% Sulfur 3.62 
0.3% Sulfur 3.87 

Disti llate Fuel Oil 5.09 

Coal (Average) 

High Sulfur 1 .40 
Low Sulfur 1 .52 

Coal (New) 

High Sulfur 1 . 1 8  
Low Sulfur 1 .28 

will be increasingly difficult and will involve sig­
nificant expenditures beyond the cost of the 
fuel. Furthermore, residual fuel oil is not gen­
erally an option for technical reasons in much of 
the new, highly efficient generating equipment 
that is expected to b e  installed (e . g. , 
combined-cycle and turbine units) . Therefore, 
the future consumption of residual fuel oil will 
largely be restricted to the existing, less effi­
cient steam units. As these steam units are re­
powered or retired, residual fuel oil consump­
tion will fall in the future. 

The major competition for natural gas for 
new generating capacity will be coal. How­
ever, the evaluation of this competition and the 
direction it will take has been made difficult by 
the fact that the average delivered price of coal 
in both nominal and real dollars has been drop­
ping steadily since the mid 1 980s. The reasons 
for this decline have been the continued exis­
tence of surplus coal supplies, rapid improve­
ments in coal mine productivity. and relatively 
fiat transportation charges. The decline in the 
average price is driven by the "rollover" or re­
negotiation of old, long-term contracts and 
from increased spot purchases of coal by elec-

2000 201 0 
Case 1 Case 2 Case 1 Case 2 

3.37 2.74 4.23 3.37 

3.06 2 .37 4.27 2 .95 
3.20 2 .5 1  4.41 3.09 
3.47 2.75 4.63 3.35 
3.80 3. 1 0 4.96 3.69 

4.90 4. 1 7 6.48 5.08 

1 .30 1 .23 1 .27 1 .20 
1 .69 1 .55 1 .74 1 .6 1  

1 .09 1 .03 1 .07 1 .0 1  
1 .42 1 .30 1 .46 1 .35 

tric generators. The relative economics of coal 
versus other fuels in the selection of new gen­
erating capacity is not based on the weighted 
average U.S. price of coal but on the new con­
tract price of coal which is significantly lower 
than the average. 

This distinction was accounted for in the 
model in both Reference Cases.  The eco­
nomics of the continued operation of existing 
coal-fired plants were based on the weighted 
average U.S. coal price ,  but the decision to 
build a new coal-fired power plant was based 
on the new contract price of coal. The new 
contract price of coal was, on average, about 
1 6  percent lower than the average U.S. coal 
price in 1 99 1 .  The analysis assumes that this 
1 6  percent difference remains constant over the 
entire projection. This is a conservative as­
sumption. It would be reasonable to assume 
that this differential would narrow over time. 
Table 8-22 shows both the average and new 
contract coal price used in the economics of 
new capacity decisions. 

In both Reference Cases, gas's competi­
tiveness relative to coal declines over the 
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projection. In Reference Case 1 ,  both · the 
projected average and new contract high sul­
fur coal prices decline by 0 . 5  percent per 
year between 1 990 and 20 1 0 .  Over the same 
period, the average and new contract low 
sulfur coal prices increase at only 0 .7  per­
cent per year. In Reference Case 2 ,  the aver­
age and new contract high sulfur coal prices 
are projected to decline at 0 .8  percent per 
year between 1 990 and 20 1 0. The average 
and new contract low sulfur coal prices are 
projected to increase at only 0.3 percent per 
year over this period. Over the same period, 
natural gas prices are projected to increase 
by 3.6 percent per year in Reference Case 1 
and by 2 . 4  percent per year in Reference 
Case 2 .  

As has been the case throughout this 
analysis, a comparison of strictly the BTU de­
livered price of  various fuels may not be a 
good relative measure of competitiveness. 
Other non-price considerations, which may 
impact the users' absolute ability to use the 
fuel or the capital investment required, need to 
be considered as well. For example, the capi­
tal investment required to use coal is signifi­
cantly greater than that for natural gas, the ex­
isting emissions regulations are more stringent 
on coal than on natural gas and the potential 
exists for strong new regulations, the siting of 
new coal generating c apacity tends to be 
more difficult , and the construction lead-time 

longer. All of these factors lead to greater risk 
when using coal. 

Energy Consumption 

Energy consumption for electricity gener­
ation shown in Table 8-23 includes energy con­
sumed by electric utilities and IPPs. The en­

. ergy consumed by industrial and commercial 
cogenerators is accounted for in those sectors. 

In 1 960,  total energy consumption for 
electricity generation accounted for about 1 9  
percent of total U.S. primary energy consump­
tion. By 1 990, excluding the energy consumed 
by cogenerators, it accounted for over 36 per­
cent of total U.S. primary energy consumption. 
The projection shows this trend continuing, but 
at a more modest pace. Based on the subset of 
total primary energy consumption included in 
the projection, energy consumption for power 
generation (excluding cogeneration) will grow 
from representing 58 percent of the subset of 
total primary energy consumption in 1 990 to 60 
percent in 20 1 0  in Reference Case 1 and 63 
percent in Reference Case 2 .  Total electric 
power energy consumption is projected to 
grow from 29.4 QBTU in 1 990 to 37 .7 QBTU in 
Reference Case 1 and 35.5 QBTU in Reference 
Case 2 by 2010 .  

In  1 990 ,  electric power sector energy 
consumption was dominated by coal, which ac­
counted for 55 percent of total consumption. 

TABLE 8-23 
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ELECTRIC POWER SECTOR ENERGY CONSUMPTION 
IN THE LOWER-48 STATES 

REFERENCE CASES 1 AND 2 
(Quadril lion BTU) 

1 990 2000 201 0 
Case 1 Case 2 Case 1 Case 2 

Natural Gas 2.9 3.9 3.2 5.4 4.9 

H igh Sulfur (0.5) (0.5) (0.5) (0.4) (0.4) 
Low Sulfur (0.7) (0.6) (0.8) (0.7) (0.6) 

Total Residual Fuel Oil 1 .2 1 .1 1 .3 1 .1 1 .0 

Disti l late 0.1 0.2 0. 1 0.2 0.2 
Coal 1 6. 1  1 7.2 1 6.8 20.9 1 9.3 
Nuclear/Hydro/Other 9.2 1 0.4 1 0.3 1 0.2 1 0. 1  

Total 29.4 32.7 31 .8 37.7 35.5 



Nuclear/hydro/other accounted for 3 1  percent 
of consumption. Together, residual and distil­
late fuel oil accounted for just over 4 percent 
and natural gas 9 .8 percent of total consump­
tion. The gas share of energy consumption for 
electric power generation has declined sharply 
over the last 20 years. As recently as 1 97 1 ,  nat­
ural gas accounted for 24 percent of the energy 
consumed for electric power generation. 

· 

The growth in total energy consumption 
for electric power generation does not occur at 
a constant rate over the projection. As a result 
of the relatively slower assumed growth in pur­
chased electricity consumption between 1 990 
and 2000, total consumption in Reference Case 
1 is projected to grow at 1 . 1  percent per year 
during this period. After 2000, total consump­
tion grows at a faster 1 .4 percent per year. The 
same pattern of growth is seen in Reference 
Case 2. Total energy consumption is projected 
to grow by 0.8 percent per year between 1 990 
and 2000 and a faster 1 . 1  percent per year be­
tween 2000 and 20 1 0. 

In the period from 1 990 to 2000, new ca­
pacity additions are largely constrained to re­
flect the published announcements of electric 
utilities. However, the model has the ability to 
delay or drop an announced new generating 
facility if the projection implies that the power 
will not actually be needed at the published on­
line date. The model implicitly anticipates the 
revision of the plant on-line date published by 
the NERC. Historically; these data have been 
extensively revised from year to year. Thus, 
this approach is consistent with experience. 
However, for purposes of this analysis , the 
planned coal-fired generating capacity that is 
actually under construction (not merely 
planned) was forced on-line irrespective of the 
need at a given time. This was done as a con­
servative assumption and has the effect of low­
ering the amount of new natural gas-fired ca­
pacity added during the 1 990s. 

In Reference Case 1 ,  natural gas con­
sumption is projected to grow from 2 .9  QBTU in 
1 990 to 3.9 QBTU by 2000. This growth largely 
reflects published the NERC plans for new gas­
flred capacity. As shown in Table 8-24 , gas 
captures the largest share of new generating 
capacity between 1 990 and 2000 (over 38 per­
cent) . The assumed institutional constraint on 
new coal-fired capacity also helps to increase 

the gas share of  new capacity during the 
1 990s. 

In the post-2000 period, gas consumption 
in Reference Case 1 is projected to grow from 
3 .9  QBTU in 2000 to 5 . 4  QBTU by 20 1 0 .  As 
shown in Table 8-24 , significantly more new ca­
pacity is added after 2000. While the gas share 
of new capacity is slightly lower (down to 37 .3 
percent) , the total amount of new gas capacity 
added is actually higher (66 ,746 megawatts 
versus 30, 1 28 megawatts) . Further, capacity 
utilization rates are higher in the post-2000 pe­
riod as reserve margins tighten. Both of these 
factors contribute to a faster increase in gas 
consumption. 

In Reference Case 2 ,  gas consumption is 
projected to grow from 2 .9  QBTU in 1 990 to only 
3.2 QBTU by 2000, or at 1 .0 percent per year. 
The low growth rate in purchased electricity 
consumption holds down the need for increases 
in gas-fired capacity and generation. The result 
is very little growth in projected gas consump­
tion in Reference Case 2 before 2000. In the 
period between 2000 and 20 10 ,  gas consump­
tion for electric power generation is projected 
to grow at a fast 4.4 percent per year, from 3.2 
QBTU in 2000 to 4.9 QBTU by 20 1 0. The dy­
namics of this growth are very different than in 
Reference Case 1 .  First, purchased electricity 
consumption is assumed to grow faster in this 
later period. This leads to an increased need 
for new generating capacity. Second, gas 
prices are significantly lower in this Case, both 
absolutely and relative to coal. As a result, gas 
captures a higher share of new capacity built 
between 2000 and 20 1 0  in Reference Case 2 
than in Reference Case 1 .  Last, since less new 
capacity is added in this Case over the entire 
projection, the heat rate improvement is less 
than in Reference Case 1 .  As capacity utiliza­
tion is increased, the higher heat rate translates 
into more natural gas consumption. 

Total petroleum consumption changes 
very little over the projection in either of the 
Reference Cases.  It remains at roughly 1 .3 
QBTU over the projection in both Cases. There 
is a very small decline in high sulfur residual 
fuel oil consumption which is offset by a small 
increase in distillate fuel oil consumption. The 
potential for growth in petroleum consumption 
is handicapped by the 802 emission restric­
tions as well as r�latively high prices. Further, 
residual fuel oil is generally not an option in 
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TABLE 8·24 

FUEL SHARES OF ELECTRIC UTILITY BASE AND INTERMEDIATE LOAD 
. CUMULATIVE GENERATING CAPACITY ADDITIONS 

REFERENCE CASES 1 AND 2 
(Percent) 

1 990-2000 2000.201 0 
Case 1 Case 2 Case 1 Case 2 

OiVGas Steam 3.5 3.8 6. 1 5.6 
Oil/Gas Combined-Cycle 
Coal Steam 

34.6 28.9 31 .2 38.2 
32.4 30.7 57.5 50.3 

Hydro/Other 7.2 6. 1 5.2 5.0 
Nuclear 22.2 30.5 0.0 0.0 

Total Additions (Megawatts) 

Peak Capacity Additions 
(Megawatts) 

41 ,702 

1 4,240 

much of new combined-cycle generating ca­
pacity constructed over the projection in both 
Cases. While distillate fuel oil can be used in 
combined-cycle units, the price of distillate fuel 
oil is higher than natural gas over the entire 
projection so there are few opportunities for its 
use. Distillate fuel oil will only be used when 
natural gas is not available, on a seasonal basis, 
or where regulations implicitly require its use 
(for example, requirements to maintain a back­
up fuel on site which needs to be used within a 
given time interval to avoid degradation of fuel 
quality) . 

Coal consumption is projected to grow 
significantly in both Reference Cases. Coal 
consumption is projected to grow from 1 6 . 1  
QBTU in 1 990 to 20.9 QBTU in Reference Case 
1 and to 1 9 .3  QBTU in Reference Case 2 by 
20 1 0 . However, the projected growth in coal 
consumption between 1 990 and 2000 is very 
modest in both Cases. A very limited amount 
of new coal-fired capacity is added over this 
earlier period, only 1 3,500 megawatts in Refer­
ence Case 1 and 9 ,300 megawatts in Reference 
Case 2 .  Second, the little remaining nuclear 
capacity under construction comes on-line 
over this period. This new nuclear capacity 
tends to compete directly with coal for base 
load generation and backs out coal generation 
in the short term. Last, in the period before the 
year 2000, the levelized economics of new gas­
fired generating units are competitive if not bet­
ter than new coal-fired facilities in many re-

1 96 

30,387 

1 0,881 

1 1 9,995 

21 ,988 

91 ,266 

1 6,927 

gions. This favors natural gas use in the period 
before 2000. 

In the period from 2000 to 2 0 1 0  coal 
grows substantially in both Cases. In Refer­
ence Case 1 ,  coal consumption is projected to 
grow from 1 7 .2 QBTU in 2000 to 20.9 QBTU by 
20 1 0. In Reference Case 2 ,  it is projected to 
grow from 1 6 .8 QBTU in 2000 to 1 9 .3 QBTU by 
2010. This growth results from two basic fac­
tors. First, coal is no longer being backed out 
by new nuclear plants.  Second, steady in­
creases in gas prices over the projection with 
little projected increase in coal prices have 
changed the relative economics of coal versus 
natural gas. In the post-2000 period, the lev­
elized cost of a new coal-frred power plant 
tends to be less than that of a new gas-fired 
generating plant in most regions. As shown in 
Table 8-24, the coal share of new generating 
capacity is projected to increase sharply in the 
post-2000 period in both Cases. Coal is pro­
jected to capture over 57 percent of new inter­
mediate and base load capacity between 2000 
and 201 0  in Reference Case 1 and 50 percent 
in Reference Case 2.  

Aside from the completion of the nuclear 
generating units that remain under construction 
between 1 990 and 2000, consumption of nu­
clear/hydro/other shows little growth in either 
Case . Nuclear/hydro/other grows from 9 . 2  
QBTU in 1 990 to just over 1 0  QBTU in both Ref­
erence Cases by 20 1 0. There is very little new 



hydro or other (renewables, waste, etc.) gener­
ating capacity currently planned by utilities de­
spite the statements concerning its potential. 

Natural Gas Consumption 

Table 8-25 provides a detailed breakdown 
of total electric . power sector natural gas con­
sumption in the Reference Cases. 

The outlook for natural gas consumption 
for electricity generation is increasingly being 
presented as more optimistic in most contem­
porary projections. Part of this optimism is due 
to changes in published utility plans over the 
last few years concerning the construction of 
new gas-fired generating capacity. In 1 986 
DOFJEIA data, utilities were listed as planning 
to add 40 new gas-fired plants with a capacity 
of 3,000 megawatts between 1 987 and 1 996. In 
1 990 DOEIEIA data, utilities are now listed as 
planning to build 203 new gas-fired plants with 
a capacity of 18 ,475 megawatts by 2000 . This 
change indicates a revised interest in adding 
new gas-fired capacity. 

Many of the new gas-fired plants currently 
listed in the data are intended for peaking ap­
plications. However, the DOFJEIA data indicate 
that the average size of the new units is increas­
ing over time. In 1 986,  the 40 new gas-frred 
units planned by utilities had an average size of 
75 megawatts. By contrast , the average size of 
the new gas-frred units on order in 1 990 was 90 
megawatts. From 1 99 1  to 1 995,  the range in 
the average size of gas-fired units is 66 to 88 
megawatts . From 1 996 to 2000 , the range in 

the size of the units increases to 9 1  to 1 22 
megawatts. The relatively larger average size 
of the units on order in 1 990 implies that many 
of these units will be used in intermediate load 
service. While the initial orders were largely 
for peaking applications, a growing number of 
the more recently ordered units appear to be 
for non-peaking service. This implies a higher 
level of capacity utilization and greater levels of 
gas consumption. 

Both Reference Cases reflect this opti­
mism about the potential for increased gas 
consumption for electricity generation. Gas 
demand for electricity generation is projected 
to grow significantly over the projection period 
as new capacity comes on-line and as utiliza­
tion of existing capacity increases. Consump­
tion is projected to increase from 2 .9  QBTU in 
1 990 to 5.4 QBTU in Reference Case 1 and 4.9 
QBTU in Reference Case 2 by 20 1 0. 

Table 8-25 shows gas consumption for 
power generation broken down by prime 
mover or application :  ste am , turbine , 
combined-cycle, and co-firing/reburn. Gas for 
steam generation accounted for the major por­
tion of total consumption in 1 990, over 80 per­
cent .  Turbines (largely in peaking applica­
tions) accounted for the second largest portion 
of gas consumption, about 1 2  percent . Gas 
consumption in combined-cycle generating 
units represented a relatively small 6 percent of 
total gas consumption in 1 990. Little or no gas 
is consumed for emission control through co­
frring/rebum in 1 990.  This application repre­
sents a potential mode of consumption. 

TABLE 8-25 

ELECTRIC POWER SECTOR GAS CONSUMPTION 
IN THE LOWER-48 STATES BY CAPACITY TYPE 

REFERENCE CASES 1 AND 2 
(Trillion BTU) 

1 990 2000 201 0 
Case 1 Case 2 Case 1 Case 2 

Steam 2,328 2,553 2, 1 50 2 ,797 2 ,673 
Turbine 356 464 435 640 577 
Combined-Cycle 1 68 621 41 8 1 ,726 1 ,498 
Co-firing/Rebum 0 229 229 1 89 1 89 

Total 2,852 3,866 3,232 5,352 4,936 
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Gas consumption for steam generation is 
projected to remain the dominant form of gen­
eration with gas over the projection. Steam 
generating capacity is used for peak (as spin­
ning reserve) , intermediate, and base load ser­
vice. In 1 990, the capacity of steam generating 
units that can use gas alone, in dual, or triple 
fueled units was 1 46 . 8  gigawatts. Between 
1 990 and 20 1 0, only 96.8 gigawatts, including 
all types of gas-fired generating units (turbines, 
steam, and combined-cycle) , are projected to 
be added. Little of the new capacity is steam. 
The majority is either turbines� for peaking or 
combined-cycle units . However, the large 
amount of existing steam capacity today will 
alone guarantee that this remains the most im­
portant contributor to total gas consumption for 
power generation. As a result, gas consump­
tion for steam generation grows from 2.3 QBTU 
in 1 990 to 2.8 QBTU in Reference Case 1 and 
2.7 QBTU in Reference Case 2 by 20 10. Much 
of this increase is due to the increased utiliza­
tion of existing capacity as reserve margins 
tighten. By 20 1 0 ,  steam generation that ac­
counted for 80 percent of gas consumption in 
1 990 accounts for 52 percent of consumption in 
Reference Case 1 and 54 percent in Reference 
Case 2 .  

Today, gas co.nsumption in  turbines is 
largely attributable to peaking load. While 
most of the consumption in the future is pro­
jected to still be for peaking service, the pro­
jection also reflects the increased use of tur­
bines for intermediate load. In both Reference 
Cases, gas consumption by turbines is pro­
jected to grow rapidly, at almost 3.0 percent 
per year in Reference Case 1 and by 2.4 per­
cent per year in Reference Case 2 .  Total gas 
consumption in turbines is projected to grow 
from less than 0 .4  QBTU in 1 990 to over 0 .6  
QBTU in Reference Case 1 and just under 0.6 
QBTU in Reference Case 2 by 20 1 0. 

Gas consumption in combined-cycle gen­
erating units represents a small amount of total 
gas consumption in 1 990 only about 0.2 QBTU. 
However, because of improving efficiencies, 
short construction lead-time, and low capital 
costs , gas-fired combined-cycle capacity is 
projected to account for most of the growth in 
power sector gas consumption over the projec­
tion. In Reference Case 1 ,  combined-cycle gas 
consumption is projected to grow from 0 . 2  
QBTU in 1 990 to 1 .7 QBTU by 20 10 .  In Refer-
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ence Case 2 ,  gas consumption in combined­
cycle units reaches 1 .5 QBTU by 20 10 .  Gas­
fired combined-cycle generation, which ac­
counts for only 6 percent o f  total gas 
consumption in 1 990, is projected to account 
for a much larger 32 percent in Reference Case 
1 and 30 percent in Reference Case 2 by 20 1 0. 
This growth depends entirely on the installation 
of a large quantity of new generating capacity, 
not just the increased utilization of existing ca­
pacity. Without the installation of these new 
combined-cycle units ,  gas consumption by 
20 1 0  would only be 3 .8  QBTU in Reference 

· Case 1 and 3 .6  QBTU in Reference Case 2 .  
This highlights the importance of resolving any 
obstacles to increased gas consumption for 
electricity generation to the gas industry. 

A key provision of Title N of the Clean .Air 
Act Amendments of 1 990 concerning acid rain 
was the mandated reduction of 1 0  million tons 
of S02 from fossil-fueled steam generators by 
2000. This was to be done in two phases. In 
Phase 1 ,  steam generators would need to meet 
a target of 2 .5 pounds per MMBTU by 1 995 or 
1 996. Under Phase 2 generators need to meet 
an emission standard or  1 . 2 pounds per 
MMBTU by 2000 or 200 1 .  The potential control 
options include scrubbing, coal switching, the 
use of clean coal technologies, co-firing or re­
burn with natural gas, the purchase of emis­
sions allowances, or trading. The potential 
strategies involved with meeting the Phase 1 
and 2 standards were evaluated as part of the 
analysis. While the results suggest that coal 
switching, the purchase of allowances, or trad­
ing is likely to be the most widely used strat­
egy, it is likely that some gas will used for emis­
sion control. In both Reference Cases, the 
analysis suggests that about 0.2 QBTU of gas 
will be consumed in 2000 and 20 1 0  for emis­
sion control under Phase 1 and 2 of Title IY. 

CONCLUSIONS 

Natural Gas Bas Potential to Grow 

The projection confirmed that natural gas 
has the potential to grow in the future, particu­
larly in the electric power generation and indus­
trial sectors. The potential for growth in the elec­
tric power generation sector is ,  however,  
dependent on the successful resolution of a large 
number of issues.  Further, gas consumption 
growth in this sector is dependent on continued 



growth in purchased electric power. If DSM, IRP, 
and mandated efficiency programs are success­
ful, or more successful than currently anticipated, 
the markets for gas-fired generation of electric 
power may simply not develop. The analysis 
confirmed that the greatest potential for in­
creased gas consumption for power generation 
(based on the levelized cost of a kwh generated 
with natural gas 011er the life of the generating fa­
cility) is during the 1 990s. The levelized cost of 
electric generation favor natural gas over a wide 
range of situations during the 1 990s. In the post-
2000 period, with projected increases in gas 
prices, natural gas loses its economic advantage 
in many areas of the country: 

The potential for increased industrial natu­
ral gas consumption is large but much more 
uncertain. The wide projected range in indus­
trial gas consumption from 1 0.2  QBTU in Refer­
ence Case 1 to only 7 . 2  QBTU (a level lower 
than consumption today) in Reference Case 2 
clearly illustrates this uncertainty. Unfortu­
nately. most of the factors driving this uncer­
tairity are largely beyond the control of the nat­
ural gas industry. These factors include growth 
in industrial production, trends in the mix of in­
dustry. and impr011ement in energy intensity. 

Potential Growth Markets are 
Largely Price Sensitive 

While price is not the only factor impact­
ing energy markets, it is an important factor in 
the markets that hold the greatest potential for 
increased natural gas consumption. Currently. 
both the industrial and electric power genera­
tion sectors are largely driven by simply the 
commodity price of natural gas versus other 
fuels. However, this emphasis could change in 
the future as emissions restrictions are tough­
ened. The gas industry needs to recognize the 
growing importance of non-price factors and 
adjust its marketing approach to target directly 
to these issues. This does not mean, however, 
that gas will be priced at a premium in end-use 
markets. 

Other Markets Besides the Indus­
trial and Electric Power Sectors are 
Important and Need To Be Defended 

The markets that are not driven by com­
modity price alone, the residential and com-

mercial sectors, are expected to continue to be 
important markets for natural gas in the fore­
seeable future . Residential and commercial 
consumption of natural gas accounted for over 
38 percent of total consumption in 1 990. By 
20 1 0, despite substantial growth in the electric 
power and industrial sectors, these two markets 
will still account for between 34 and 38 percent 
of total natural gas consumption. Some of these 
more traditional applications represent high 
value uses, because the competition is with 
more costly alternatives such as electricity and 
high grade distillate fuel oil. 

Space conditioning in the residential and 
commercial sectors is an important example. 
This consumption of natural gas is often erro­
neously referred to as a captive market. How­
ever, viable alternatives to gas space condi­
tioning are available to each 9ustomer. It is 
true that once an investment in heating or cool­
ing equipment has been made by a residential 
or commercial customer, that customer is un­
likely to replace the equipment prematurely 
because of moderate fuel price fluctuations. 
Nevertheless, thousands of new investments 
are being made each year based upon con­
temporary fuel prices and the available equip­
ment options. Over a ten-year period, 40 per­
cent of the total gas space conditioning load 
will be subject to new user choices. If the com­
modity price is noncompetitive, or if the avail­
able gas equipment should fail to meet future 
policy standards and consumer preferences, 
this high value market share could rapidly 
erode. 

Potential Variation in Future Energy 
and Natural Gas Consumption is 
Very Large 

The analysis clearly establishes that de­
pending on the direction a few important vari­
ables take (e.g. , economic growth, the mix of 
industrial production,  improvement in energy 
intensity. technology. etc.) , the level and mix of 
total energy consumption and the role that nat­
ural gas plays can vary substantially. This illus­
trates the importance of contingency planning 
when corporat e  or personal decisions are 
based on projections of future energy trends. It 
also highlights the high level of uncertainty as­
sociated with energy projections. 
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Energy Prices Matter, But So Do 
Other Factors 

Energy analysts tend to place a great deal 
of emphasis on energy prices. They explicitly, 
or at least implicitly; assume that if the price of 

· a  fuel rises (falls) relative to other fuels that 
consumption will fall (rise) . However, the anal­
ysis shows that while price is important, it is not 
the only important factor and may not even be 
the most important factor. Equally important, 
to name a few, are trends in energy intensity; 
economic growth, a decision maker's expecta­
tion about future energy prices, institutional 
constraints, and technology trends. This high­
lights the need to pay increased attention to 
these variables in place of simply the direction 
of price. 

Technology is Important 

In every sector, the trend in technology 
was important to the success or failure of natu­
ral gas in competition with other fuels.  Im­
proved natural gas technologies contribute by 
maintaining current gas market 'Share in the 
face of improved competitive technologies; in 
meeting new standards for emissions, product 
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quality; or consumer needs; and in expanding 
the gas market by offering new services. The 
analysis showed that gas technology improve­
ment was a key consideration in each sector. 

The characteristics and capabilities of the 
available gas technologies will be the factor 
deciding the choice of fuels as often as the fuel 
price in future markets .  The future market 
share for gas in industrial markets will be 
largely decided by the characteristics of the 
available technologies as they can conform to 
environmental and energy efficiency policies. 
Vehicle applications and the incremental 
growth in electric power generation are equally 
dependent upon technological advances. The 
characteristics of gas turbines and methane ve­
hicle technologies will have to be improved to 
keep pace with future emission standards. The 
operation of numerous large turbine power 
plants in conjunction with normal pipeline sys­
tem services may involve technical problems 
yet to be resolved. Similarly; vehicle engine, 
fuel storage, and refueling technologies need 
much more development. If the optimistic out­
look for these new applications is to be real­
ized over the long term, the advanced tech­
nologies must become available. 
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The Secretary of Energy 
Washington, DC 20585 

Mr . Lodwr i ck M .  Cook 
C h a i rman 
Nati onal Petrol eum Counc i l  
1625  K Street , N . W .  
Was h i ngton)cP� _.20006 

Dear Mr,/cook : 

June 25 , 1 990 

I 
Through th i s  transmi ttal , I am formal l y  reque s t i ng t h at the N a t i onal  
Petro l eum Counc i l (NPC ) perform two stud i e s  that are curre nt l y  o f  
cri t i cal  i nterest  t o  t h e  Dep artment of Energy . T h e s e  stud i e s  are 
descri bed bel ow . 

Constra i nts to Expand i ng Natural Gas Producti on , D i s tr i bu t i on and U s e  

I request that t h e  N P C  conduct a comprehe ns i ve anal ys i s  of t h e  
potent i al f o r  natural g a s  t o  make a l arger contri but i on ,  not o n l y  t o  
our N at i on ' s  energy supp l y ,  b u t  al so to the Pres i dent ' s  envi ronmental  
goal s .  The s tudy shou l d  cons i der techn i c al , econom i c and regul atory 
constra i nts to expandi ng product i o n ,  d i stri but i on and the u s e  o f  
natural gas . I n  the conduct of th i s  s tudy ,  I wou l d  l i ke y o u  to 
con s i der carefu l l y  the l oc at i on ,  magn i tude and econom i c s  o f  n atural 
gas reserve s ,  and the projected und i scovered and unconvent i onal  
re source ; the s i ze ,  k i nd and l ocat i on of future markets ; the outl ook 
for natural gas i mports and exports ; and potent i al barri ers that cou l d  
i mpede the del i verab i l i ty o f  gas t o  the mo st economi c ,  effi c i ent and 
env i ronmental l y  sound end - u ses . 

Th i s  study comes at a cri t i cal t i me ,  g i ven the i ncreased i ntere s t  i n  
natural gas , for deve l opi ng publ i c  and pri vate sector confi dence that 
natural  gas can make a greater contri but i on to the e nergy securi ty and 
envi ronmental enh ancement of our Nat i on .  I ant i c i pate that the 
res u l ts of your work wi l l  be abl e to contri bute s i gn i f i c an t l y  to the 
devel opment of the Department ' s  pol i c i es and programs . 

The U . S .  Refi nery Sector i n  the 1 9 90 ' s  

U . S .  refi ner i e s  face s i gn i fi cant ch anges to proce s s i ng fac i l i t i es i n  
the next dec ade , parti cul arl y i n  response to new env i ronmental  
l eg i s l at i on th at wi l l  affect emi s s i ons and waste d i sposal  from 
refi neri es and the compos i t i on of motor fuel s .  Substant i al 
i nvestments are l i ke l y  to be requ i red to comp l y  wi th proposed C l ean 
Ai r Act Amendments , i nc l udi ng prov i s i ons deal i ng wi th ai r tax i e s  and 
al ternat i ve fuel s .  There is  concern about the U . S .  eng i neer i ng and 
cons truc t i o n  i ndustry ' s  capabi l i ty to des i gn ,  manufacture , and i nstal l 
qu i ck l y  the l arge number of new , soph i s t i c ated proces s i ng fac i l i t i e s 
that wou l d  be necess ary to supply these fuel s .  

Product i mports , wh i ch are projected to i ncreas e , may al so h ave to be 
treated d i fferentl y than i n  the pas t .  For examp l e ,  i f  U . S .  refi ners 
h ave d i fferent gasol i ne spec i fi cati ons ( e . g . , Re i d  Vapor Pre s s u re , 
aromat i c s , o l efi ns , oxygen content ) than fore i gn refi ner i e s , i mported 
products may requ i re add i t i onal U . S .  refi n i ng .  

I request that the NPC assess the effects o f  these chang i ng cond i t i ons  
on  the U . S .  refi n i ng i ndustry ,  the abi l i ty of that i ndustry to respond 
to these ch anges i n  a t i me l y  manner , regul atory and other factors that 
i mpede the construc t i o n  of new capac i ty ,  and the potent i al econom i c 
i mpacts of th i s  response on Amer i can consumers . 

I l ook forward to rece i v i ng your resu l ts from these two stud i e s  and 
wou l d  l i ke to be noti fi ed of your progre s s  peri odi cal l y .  

S i ncere l y ,  

at��- Watk i ns 
r- Admi ral , U . S .  N avy (Ret i red ) 

� 
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DESCRIPTION OF THE NATIONAL PETROLEUM COUNCIL 

In May 1 946, the President stated in a letter to the Secretary of the Interior that he had been 
impressed by the contribution made through government/industry cooperation to the success 
of the World War II petroleum program. He felt that it would be beneficial if this close 
relationship were to be continued and suggested that the Secretary of the Interior establish an 
industry organization to advise the Secretary on oil and natural gas matters. 

Pursuant to this request , Interior Secretary J. A. Krug established the National Petroleum 
Council on June 1 8, 1 946.  In October 1 977 ,  the Department of Energy was established and the 
Council was transferred to the new department. 

The purpose of the NPC is solely to advise , inform, and make recommendations to the Sec­
retary of Energy on any matter, requested by him, relating to oil and natural gas or the oil and 
gas industries. Matters that the Secretary of Energy would like to have considered by the Coun­
cil are submitted in the form of a letter outlining the nature and scope of the study. This request 
is then referred to the NPC Agenda Committee,  Y�hich makes a recommendation to the Council. 
The Council reserves the right to decide whether it will consider any matter referred to it . 

Examples of recent major studies undertaken by the NPC at the request of the Secretary of 
Energy include: 

• Unconventional Gas Sources ( 1 980) 

• Emergency Preparedness for Interruption of Petroleum Imports into the United States 
( 1 98 1 )  

• U.S. Arctic Oil & Gas ( 1 98 1 ) 

• Environmental Conservation-The Oil & Gas Industries (1 982) 

• Third World Petroleum Development: A Statement of Principles ( 1 982) 

• Enhanced Oil Recovery ( 1 984) 

• The Strategic Petroleum Reserve ( 1 984) 

• U.S. Petroleum Refining (1 986) 

• Factors Affecting U.S. Oil & Gas Outlook ( 1 987) 

• Integrating R&D Efforts (1 988) 

• Petroleum Storage & Transportation ( 1 989) 

• Industry Assistance to Government ( 1 99 1 )  

• Short-Term Petroleum Outlook ( 1 99 1 ) .  
• Petroleum Refining in th e  1 990s-Meeting th e  Challenges of th e  Clean Air Act ( 1 9 9 1 ) .  

The NPC does not concern itself with trade practices,  nor does it engage in any of the usual 
trade association activities. The Council is subject to the provisions of the Federal Advisory 
Committee Act of 1 972 .  

Members of  the National Petroleum Council are appointed by the Secretary of Energy and 
represent all segments of the oil and gas industries and related interests. The NPC is headed by 
a Chairman and a Vice Chairman, who are elected by the Council. The Council is supported 
entirely by voluntary contributions from its members. 
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N.ATION.AL PETROLEUM COUNCIL 

William L. Adams 
Chairman and Chief Executive Officer 
Union Pacific Resources Company 

Charles W. Alcorn, Jr. 
President 
Alcorn Production Company 

Jack M. Allen 
Chairman of the Board 
Alpar Resources, Inc. 

Robert J. Allison, Jr. 
Chairman and Chief Executive Officer 
Anadarko Petroleum Corporation 

Eugene L. Ames, Jr . 
President 
Venus Oil Company 

Robert 0 .  Anderson 
President 
Hondo Oil & Gas Company 

Ernest Angelo , Jr. 
Petroleum Engineer 
Midland, Texas 

Philip F. Anschutz 
President 
The Anschutz Corporation 

John B. Ashmun 
Chairman of the Board 
Wainoco Oil Corporation 

Ralph E. Bailey 
Chairman of the Board and 

Chief Executive Officer 
United Meridian Corporation 

D .  Euan Baird 
Chairman, President and 

Chief Executive Officer 
Schlumberger Limited 

MEMBERSHIP 

1 992 

William W. Ballard 
President 
Ballard and Associates , Inc . 

Victor G .  Beghini 
President 
Marathon Oil Company 

Jack S. Blanton 
President and Chief Executive Officer 
Eddy Refining Company 

John F. Bookout 
Former President and 

Chief Executive Officer 
Shell Oil Company 

Donald R. Brinkley 
President and Chief Executive Officer 
Colonial Pipeline Company 

Frank M. Burke , Jr . 
Chairman and Chief Executive Officer 
Burke., Mayborn Company, Ltd. 

Michael D.  Burke 
President and Chief Executive Officer 
Tesoro Petroleum Corporation 

Bruce Calder 
President 
Bruce Calder, Inc. 

Robert H. Campbell 
President and Chief Executive Officer 
Sun Company, Inc. 

Scott L. Campbell 
Partner 
Washington Policy and Analysis 

William E. Carl 
President 
Carl Oil & Gas Co . 
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NATIONAL PETROLEUM COUNCIL 

R. D. Cash 
Chairman, President and 

Chief Executive Officer 
Questar Corporation 

Collis P. Chandler, Jr. 
President 
Chandler & Associates, Inc . 

Rodney F. Chase 
President and Chief Executive Officer 
BP America Inc. 

Neil D .  Chrisman 
Managing Director 
Morgan Guaranty Trust Company 

of New York 

Danny H. Conklin 
Partner 
Philcon Development Co . 

Lodwrick M. Cook 
Chairman of the Board and 

Chief Executive Officer 
Atlantic Richfield Company 

Milton Copulas 
President 
National Defense Council Foundation 

Edwin L. Cox 
Chairman 
Cox Oil & Gas ,  Inc. 

John H. Croom 
Chairman, President and 

Chief Executive Officer 
The Columbia Gas System, Inc. 

Thomas H. Cruikshank 
Chairman of the Board and 

Chief Executive Officer 
Halliburton Company 

Keys A. Curry, Jr. 
Executive Vice President 
Destec Energy, Inc. 
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George A. Davidson, Jr. 
Chairman of the Board and 

Chief Executive Officer 
Consolidated Natural Gas Company 

Kenneth T. Derr 
Chairman of the Board and 

Chief Executive Officer 
Chevron Corporation 

John P. DesBarres 
President and Chief Executive Officer 
Transco Energy Company 

Cortlandt S. Dietler 
Chairman and Chief Executive Officer 
Associated Natural Gas Corporation 

David F. Dorn 
Co-Chairman of the Board 
Forest Oil Corporation 

James W. Emison 
President 
Western Petroleum Company 

Ronald A. Erickson 
Chairman of the Executive Committee 
Erickson Petroleum Corporation 

Fred H. Evans 
President 
Equity Oil Company 

Richard D .  Farman 
Chairman and Chief Executive Officer 
Southern California G as Company 

J .  Michael Farrell 
Partner 
Manatt, Phelps & Phillips 

William L. Fisher 
Director 
Bureau of Economic Geology 
University of Texas at Austin 

Charles R. Ford 
State Senator 
Tulsa, Oklahoma 



Joe B. Foster 
Chairman 
Newfield Exploration Company 

H. Laurance Fuller 
Chairman, President and 

Chief Executive Officer 
Amoco Corporation 

James F. Gary 
. 

International Business and Energy AdVIsor 
Honolulu, Hawaii 

James A. Gibbs -
President 
Five States Energy Company 

James J. Glasser 
Chairman and President 
GATX Corpotation 

F. D. Gottwald, Jr. 
Chairman of the Board, 

Chief Executive Officer and 
Chairman of the Executive Committee 

Ethyl Corporation 

John ] .  Graham . 
President and Chief Executive Officer 
Graham Resources Inc. 

David G .  Griffin 
Owner/President 
Griffin Petroleum Company 

David N. Griffiths 
Senior Vice President , Administration 
Citizens Gas and Coke Utility 

Fred R. Grote 
Chairman of the Board and 

Chief Executive Officer 
DeGolyer and MacNaughton 

Robert D .  Gunn 
Chairman of the Board 
Gunn Oil Company 

Ron W. Haddock 
President and Chief Executive Officer 
FINA, Inc . 

NATIONAL PETROLEUM COUNCIL 

Michel T. Halbouty 
Chairman of the Board and 

Chief Executive Officer 
Michel T. Halbouty Energy Co . 

Andrew J .  Hall 
Chairman, President and 

Chief Executive Officer 
Phibro Energy, Inc. 

John R. Hall 
Chairman and Chief Executive Officer 
Ashland Oil , Inc. 

Ronald E. Hall 
President and Chief Executive Officer 
CITGO Petroleum Corporation 

Frederic C. Hamilton 
Chairman, President and 

Chief Executive Officer 
Hamilton Oil Company, Inc . 

John P. Harbin 
Chairman of the Board, President 

and Chief Executive Officer 
Lone Star Technologies ,  Inc . 

Robert P .  Hauptfuhrer 
Chairman and Chief Executive Officer 
Oryx Energy Company 

Raymond H. Hefner, Jr . 
Chairman and Chief Executive Officer 
Bonray Drilling Corporation 

Donald J. Heim 
Chairman and Chief Executive Officer 
Washington Gas Light Company 

Frank 0. Heintz 
Chairman 
Maryland Public Service Commission 

Roger R. Hemminghaus 
Chairman and Chief Executive Officer 
Diamond Shamrock, Inc . 

Dennis R. Hendrix 
Chairman, President and 

Chief Executive Officer 
Panhandle Eastern Corporation 
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NATIONAL PETROLEUM COUNCIL 

Leon Hess 
Chairman of the Board and 

Chief Executive Officer 
Amerada Hess Corporation 

C. Paul Hilliard 
President/Owner 
Badger Oil Corporation 

H. T. Hilliard 
Director 
Hallador Petroleum Company 

Robert B. Holt 
Independent Oil and Gas Producer 
Midland, Texas 

Robert E. Howson 
Chairman of the Board and 

Chief Executive Officer 
McDermott International, Inc. 

The Honorable 
Roy M. Huffington 
American Ambassador to Austria 

Ray L. Hunt 
Chairman of the Board 
Hunt Oil Company 

Joseph T. Hydok 
Executive Vice President, Gas Operations 
Consolidated Edison Company 

of New York, Inc. 

Ray R. Irani 
Chairman, President and 

Chief Executive Officer 
Occidental Petroleum Corporation 

A. Clark Johnson 
Chairman and Chief Executive Officer 
Union Texas Petroleum Corporation 

A. V. Jones, Jr. 
Partner 
]ones Company, Ltd. 

]on Rex Jones 
Partner 
]ones Company, Ltd. 
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Bernard J. Kennedy 
Chairman, President and 

Chief Executive Officer 
National Fuel Gas Company 

James W. Kinnear 
President and Chief Executive Officer 
Texaco Inc. 

Charles G .  Koch 
Chairman and Chief Executive Officer 
Koch Industries, Inc. 

Ronald L. Kuehn, Jr. 
Chairman, President and 

Chief Executive Officer 
Sonat Inc. 

Kenneth L. Lay 
Chairman and Chief Executive Officer 
Enron Corp. 

William I .  Lee 
Chairman of the Board and 

Chief Executive Officer 
Triton Energy Corporation 

John H. Lichtblau 
Chairman and Chief Executive Officer 
Petroleum Industry Research 

Foundation, Inc . 

William C.  McCord 
Chairman and Chief Executive Officer 
ENSERCH Corporation 

William T. McCormick, Jr . 
Chairman and Chief Executive Officer 
CMS Energy Corporation 

Thomas F. McLarty, ITI 
Immediate Past Chairman of the Board and 

Chief Executive Officer 
Arkla, Inc . 

Jerry R. McLeod 
Executive Vice President 
Pacific Gas and Electric Company 

Jack W. McNutt 
President and Chief Executive Officer 
Murphy Oil Corporation 



Frank A. McPherson 
Chairman and Chief Executive Officer 
Kerr-McGee Corporation 

Cary M. Maguire 
President 
Maguire Oil Company 

Frederick R. Mayer 
President 
Petroro Corporation 

Judy Meidinger 
Director 
Koniag, Inc. 

C. John Miller 
Partner 
Miller Energy Company 

George P. Mitchell 
Chairman of the Board, President 

and Chief Executive Officer 
Mitchell Energy and Development Corp. 

James R. Moffett 
Chairman of the Board and 

Chief Executive Officer 
Freeport-McMoRan Inc . 

Donald I. Moritz 
President and Chief Executive Officer 
Equitable Resources, Inc . 

William Moss 
Chairman of the Board 
William Moss Corporation 

William D. Mounger 
President 
Delta Royalty Company, Inc . 

John Thomas Munro 
President 
Munro Petroleum & Terminal Corporation 

John J. Murphy 
Chairman of the Board and 

Chief Executive Officer 
Dresser Industries ,  Inc. 

NATIONAL PETROLEUM COUNCIL 

Allen E .  Murray 
Chairman of the Board, President 

and Chief Executive Officer 
Mobil Corporation 

Robert L. Nance 
President 
Nance Petroleum Corporation 

Constantine S. Nicandros 
President and Chief Executive Officer 
Conoco Inc. 

Raymond J. O'Connor 
Commissioner 
New York Public Service Commission 

C. R. Palmer 
Chairman of the Board, President 

and Chief Executive Officer 
Rowan Companies , Inc . 

Robert L. Parker 
Chairman of the Board and 

Chief Executive Officer 
Parker Drilling Company 

James L. Pate 
President and Chief Executive Officer 
Pennzoil Company 

T. Boone Pickens, Jr. 
Chairman of the Board and 

Chief Executive Officer 
MESA, Inc . 

L. Frank Pitts 
Owner 
Pitts Energy Group 

Chesley R. Pruet 
President 
Pruet Drilling Company 

Lawrence G .  Rawl 
Chairman of the Board and 

Chief Executive Officer 
Exxon Corporation 
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NATIONAL PETROLEUM COUNCIL 

Robert G .  Reed Til 
Chairman of the Board, President 
and Chief Executive Officer 

Pacific Resources, Inc . 

Frank H. Richardson 
President and Chief Executive Officer 
Shell Oil Company 

Corbin J. Robertson, Jr . 
President 
Quintana Minerals Corporation 

Henry A. Rosenberg, Jr. 
Chairman of the Board and 

Chief Executive Officer 
Crown Central Petroleum Corporation 

Carole Keeton Rylander 
President 
Rylander Consulting Group 

G. Henry M. Schuler 
Director 
Energy Program 
Center for Strategic and International Studies 

C. J. Silas 
Chairman of the Board and 

Chief Executive Officer 
Phillips Petroleum Company 

Donald M. Simmons 
President 
Simmons Royalty Company 

Donald C. Slawson 
Chairman of the Board and President 
Slawson Companies 

Weldon H. Smith 
Chairman of the Board 
Big 6 Drilling Company 

William T. Smith 
Immediate Past Chairman 
Wolverine Exploration Company 

Arlo G .  Sorensen 
President 
M. H. Whittier Corporation 
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Richard J .  Stegemeier 
Chairman of the Board and 
Chief Executive Officer 

Unocal Corporation 

H. Leighton Steward 
Chairman, President and 

Chief Executive Officer 
The Louisiana Land and 

Exploration Company 

Ross 0 .  Swimmer 
Of Counsel 
Hall, Estill, Hardwick, Gable , 

Golden & Nelson, P .C.  

Patrick F. Taylor 
Chairman and Chief Executive Officer 
Taylor Energy Company 

Robert C. Thomas 
Chairman and Chief Executive Officer 
Tenneco Gas Company 

Eugene A. Tracy 
Immediate Past Chairman of the 

Executive Committee 
Peoples Energy Corporation 

H. A. True, Jr. 
Partner 
True Oil Company 

Chester R. Upham, Jr. 
Managing Co-Owner 
Upham Oil & Gas Company 

Edward 0. Vetter 
President 
Edward 0 .  Vetter & Associates, Inc. 

L. 0. Ward 
Owner -President 
Ward Petroleum Corporation 

Joseph H. Williams 
Chairman of the Board and 

Chief Executive Officer 
The Williams Companies,  Inc. 



Larry E. Williams 
President and Chief Executive Officer 
National Cooperative Refinery Association 

Irene S. Wischer 
President and Chief Executive Officer 
Panhandle Producing Company 

William A. Wise 
President and Chief Executive Officer 
El Paso Natural Gas Company 

Dalton J. Woods 
President 
Dalwood Corporation 

James D .  Woods 
Chairman of the Board, President 

and Chief Executive Officer 
Baker Hughes Incorporated 

N.ATION.AL PETROLEUM COUNCIL 

0. S. Wyatt , Jr. 
Chairman of the Board 
The Coastal Corporation 

John A. Yates 
President 
Yates Petroleum Corporation 

Daniel H. Yergin 
President 
Cambridge Energy Research Associates 

Henry Zarrow 
President 
Sooner Pipe & Supply Corporation 
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CHAIRMAN 

Frank H. Richardson 
President and 

Chief Executive Officer 
Shell Oil Company 

NATIONAL PETROLEUM COUNCIL 

COMMITTEE ON NATURAL GAS 

GOVERNMENT COCHAIRMAN 

James G .  Randolph 
Assistant Secretary 
Fossil Energy 
U.S. Department of Energy 

VICE CHAIRMAN, TRANSMISSION 

Kenneth L. Lay 

VICE CHAIRMAN, DISTRIBUTION 

Eugene A. Tracy 
Chairman and 

Chief Executive Officer 
Enron Corp. 

EX OFnCIO 

Ray L. Hunt 
Chairman 
National Petroleum Council 
c/o Hunt Oil Company 

D.  Euan Baird 
Chairman, President and 

Chief Executive Officer 
Schlumberger Limited 

Bruce Calder 
President 
Bruce Calder, Inc. 

Scott L. Campbell 
Partner 
Washington Policy and Analysis 

R. D .  Cash 
Chairman, President and 

Chief Executive Officer 
Questar Corporation 

Collis P. Chandler , Jr. 
President 
Chandler & Associates, Inc . 

Immediate Past Chairman of the 
Executive Committee 

Peoples Energy Corporation 

EX OFFICIO 

Kenneth T . Derr 
Vice Chairman 
National Petroleum Council 
c/o Chevron Corporation 

SECRETARY 

Marshall W. Nichols 
Executive Director 

National Petroleum Council 

* * * 

John H. Croom 
Chairman, President and 

Chief Executive Officer 
The Columbia Gas System, Inc . 

Keys A. Curry, Jr . 
Executive Vice President 
Destec Energy, Inc . 

John P. DesBarres 
President and Chief Executive Officer 
Transco Energy Company 

Cortlandt S.  Dietler 
Chairman and Chief Executive Officer 
Associated Natural Gas Corporation 

Richard D. Farman 
Chairman and Chief Executive Officer 
Southern California Gas Company 
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NPC COMMITTEE ON N.I.TUIUlL G.IS 

William L. Fisher 
Director 
Bureau of Economic Geology 
University of Texas at Austin 

Joe B.  Foster 
Chairman 
Newfield Exploration Company 

James W. Glanville* 
General Partner 
Lazard Freres & Co. 

John J.  Graham 
President and Chief Executive Officer 
Graham Resources Inc. 

Fred R. Grote 
Chairman of the Board and 

Chief Executive Officer 
DeGolyer and MacNaughton 

Ron W. Haddock 
President and Chief Executive Officer 
FINA, Inc. 

Robert P. Hauptfuhrer 
Chairman and Chief Executive Officer 
Oryx Energy Company 

Donald J. Heim 
Chairman and Chief Executive Officer 
Washington Gas Light Company 

Frank 0 .  Heintz 
Chairman 
Maryland Public Service Commission 

Dennis R. Hendrix 
Chairman, President and 

Chief Executive Officer 
Panhandle Eastern Corporation 

C. Paul Hilliard 
President/Owner 
Badger Oil Corporation 

Joseph T. Hydok 
Executive Vice President, Gas Operations 
Consolidated Edison Company 
of New York, Inc. 

• Deceased (September 16, 1 992) 

B-2 

Ray R. Irani 
Chairman, President and 

Chief Executive Officer 
Occidental Petroleum Corporation 

Bernard J. Kennedy 
Chairman, President and 

Chief Executive Officer 
National Fuel Gas Company 

James W. Kinnear 
President and Chief Executive Officer 
Texaco Inc. 

Ronald L. Kuehn, Jr. 
Chairman, President and 

Chief Executive Officer 
Sonat Inc. 

William T. McCormick, Jr . 
Chairman and Chief Executive Officer 
CMS Energy Corporation 

Thomas F. McLarty, ill 
Immediate Past Chairman of the Board and 

Chief Executive Officer 
Arkla, Inc. 

Jerry R. McLeod 
Executive Vice President 
Pacific Gas and Electric Company 

C. John Miller 
Partner 
Miller Energy Company 

George P. Mitchell 
Chairman of the Board, President and 

Chief Executive Officer 
Mitchell Energy and Development Corp. 

Donald I .  Moritz 
President and Chief Executive Officer 
Equitable Resources, Inc. 

Allen E .  Murray 
Chairman of the Board, President and 

Chief Executive Officer 
Mobil Corporation 



Constantine S. Nicandros 
President and Chief Executive Officer 
Conoco Inc . 

Robert L. Parker 
Chairman of the Board and 

Chief Executive Officer 
Parker Drilling Company 

L. Frank Pitts 
Owner 
Pitts Energy Group 

Lawrence G .  Rawl 
Chairman of the Board and 

Chief Executive Officer 
Exxon Corporation 

NPC COMMITTEE ON NATURAL GAS 

C. J .  Silas 
Chairman of the Board and 

Chief Executive Officer 
Phillips Petroleum Company 

Robert C.  Thomas 
Chairman and Chief Executive Officer 
Tenneco Gas 

L. 0. Ward 
Owner -President 
Ward Petroleum Corporation 

William A. Wise 
President and Chief Executive Officer 
El Paso Natural Gas Company 
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NATIONAL PETROLEUM COUNCIL 

COORDINATING SUBCOMMITTEE 
OF TilE 

NPC COMMITTEE ON NATUIUlL GAS 

Lawrence L. Smith 
Vice President Production 
Shell Oil Company 

ASSISTANT TO THE CHAIRMAN 

Alan J .  Vennix 
Manager Technology 
Shell Oil Company 

Ronald J. Burns 

* 

Chairman and Chief Executive Officer 
Enron Gas Pipeline and Marketing Group 

Scott L. Campbell 
Partner 
Washington Policy and Analysis 

Collis P. Chandler, Jr. 
President 
Chandler & Associates, Inc. 

Joe B. Foster 
Chairman 
Newfield Exploration Company 

Ray E. Galvin 
President 
Chevron U.S.A. Production Company 

James W. Glanville* 
General Partner 
Lazaed Freres & Co. 

Frank 0 .  ·Heintz 
Chairman 
Maryland Public Service Commission 

• Deceased (September 16,  1992) 
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* 

GOVERNMENT COCIIAIRMJLN 

Donald A. Juckett 
Director 
Office of Geoscience Research 
U.S. Department of Energy 

SECRETARY 

Marshall W. Nichols 
Executive Director 
National Petroleum Council 

* 

Frederick E. John 
Senior Vice President 
Southern California Gas Company 

James R. Lee 
Executive Vice President 
Columbia Gas Distribution Companies 

Michael G .  Morris 
Executive Vice President and 

Chief Operating Officer 
Consumers Power Company 

Walter S. Piontek 
Vice President, North American 

Producing Operations 
Mobil Oil Corporation 

Oliver G .  Richard Ill 
Chairman and Chief Executive Officer 
New Jersey Resources Corporation 

William W. Slaughter 
General Manager 
Strategic Planning and Development 
Texas Eastern Transmission Corporation 

William A. Smith 
Chairman and President 
Southern Natural Gas Company 



NATIONAL PETROLEUM COUNCIL 

. DEMAND AND DISTRIBUTION TASK GROUP 
OF THE 

NPC COMMITTEE ON NATURAL GAS 

CHAIRMAN 

Michael G.  Morris 
Executive Vice President and 

Chief Operating Officer 
Consumers Power Company 

ASSISTANT TO THE CHAIRMAN 

Charles F. Belknap (Region S)* 
Director 
Gas Revenue Requirements and Rates 
Consumers Power Company 

* * 

GOVERNMENT COCHAIRMAN 

Diane W. Lique 
Director 
Reserves and Natural Gas Division 
Energy Information Administration 
U.S. Department of Energy 

SECRETARY 

John H. Guy, N 
Deputy Executive Director 
National Petroleum Council 

* 

Richard L. Itteilag (Region 7) 
Director 

W. R. Finger 
President 
ProxPro , Inc . 

John A. Gartman 
Vice President 

Residential/Commercial Marketing and Sales 
Missouri Public Service (UtiliCorp United) 

Gas Supply and Planning 
Public Service Electric & Gas Company 

l'y1ichael l .  German 
Senior Vice President 
Planning and Analysis 
American Gas Association 

Paul D. Holtberg 
Principal Economist 
Gas Research Institute 

Joseph T. Hydok (Region 2) 
Executive Vice President Gas Operations 
Consolidated Edison Company 

of New York, Inc . 

P. Chrisman Iribe 
Senior Vice President 
U.S. Generating Company 

* Regional analysis leader. See page B-7 
for description of regions. 

Frederick E. John (Region 9) 
Senior Vice President 
Southern California Gas Company 

Justin R. King 
Vice President 
Natural Gas Marketing 
ARCO Oil and Gas Company 

James R. Lee (Region 3) 
Executive Vice President 
Columbia Gas Distribution Companies 

Charles W. Linderman 
Director 
Fossil Fuels and Renewable Programs 
Edison Electric Institute 

James V. Mahoney 
President 
New England Energy Incorporated 
New England Electric System 
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DEMAND A.ND DISTRIBUTION TASK GROUP 

A. E. Middents (Region 8) 
Senior Vice President 
Gas Operations 
Public Service Company of Colorado 

Donald W. Niemiec 
President 
Union Pacific Fuels Inc. 

R. E. Oerman (Region 6) 
Manager, Natural Gas 
Planning & Economics 
Shell Oil Company 

Charles L. Pyle 
Acting Planning Manager 
Mobil Natural Gas Inc. 

David E. Rosenberg (Region 4) 
Specialist , Gas Economics 
Enron Corp. 

Glenn R. Schleede 
President 
Energy Market & Policy Analysis , Inc . 

J. Edward Smith 
Director 
Market Planning & Analysis 
Washington Gas Light Company 

John F. Stefani (Region 1 0) 
Vice President 
Gas Supply & Industrial Marketing 
Washington Natural Gas Company 

Thomas W. Wagar 
Director 
Industrial Marketing 

. The East Ohio Gas Company 

Roger A. Young (Region 1) 
President and Chief Executive Officer 
Bay State Gas Company 

SPECIAL ASSISTANTS 

Terry W. Day 
Energy Advisor 
Downstream Planning & Analysis 
Exxon Company, U.S.A. 

Daniel A. Dreyfus 
Vice President 
Strategic Planning and Analysis 
Gas Research Institute 

Marita A. Fegley 
Senior Marketing Analyst 
Market Planning & Analysis 
Washington Gas Light Company 

Michael S.  Flaherty 
Economic and Policy Analyst 
The New England Gas Association 

Fred B .  Gerber 
Consultant 
Business Development 
ARCO Oil and Gas Company 
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Kurtis J. Haeger 
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INTRODUCTION 
Integrated Resource Planning (IRP) has 

been under development and implementation 
in the electric utility industry for some time and 
has gained acceptance within the gas utility in­
dustry in recent years. I This effort is projected 
to expand, and the implementation of IRP is ex­
pected to increase trends towards energy con­
servation and economic efficiency. The imple­
mentation of IRP varies from state to state, but 
the basic concept is that when a utility plans its 
future resource requirements to achieve a bal­
ance between supply and demand, it must : 

• Consider demand reductions as well as 
supply increases on an equal basis 

• Evaluate all demand-side and supply-side 
alternatives on an equal basis 

• Evaluate programs and options for eco­
nomic efficiency 

• Select alternatives based upon lowest cost 
to customers 

• In some states factor in environmental ex­
ternalities. 

The following terms and concepts appear 
in discussions of IRP: 

1 .  Demand-Side Activities: These include 
load management with the objective to re­
duce peak demand, as measured in kilo-

1 IRP is also sometimes denoted as Least Cost Plan­
ning (LCP) ; the former term appears to be somewhat 
more descriptive. 

watts or Therms, or to shift peak demand 
to off-pe ak periods .  The reduction of 
peak demand reduces the need to build 
or buy new generating c apacity in the 
case of electric utilities, or to add trans­
mission or storage capacity in the case of 
gas utilities. 

2.  Conservation: The objective is to reduce 
the amount of energy used. Conservation 
results in reduced fuel use and reduced or 
avoided environmental impacts. 

3. Supply-Side Activities: These include ac­
tions to increase the ability to obtain en­
ergy. In the case of an electric utility this 
includes production, transmission, and dis­
tribution of electricity. In the case of a gas 
utility this refers to the extraction, transmis­
sion, storage, or distribution of gas. 

4. Environmental Externalities: This refers 
to an environmental cost borne by society 
that is not immediately reflected in the 
price paid by the producer or consumer. 

5. Rate Payer Tests: These measure eco­
nomic efficiency. Examples of such tests 
include the All Ratepayers (Total Resource 
Cost) , Non-Participants (Rate Impact Mea­
surement) , Participants, Utility; and Soci­
etal tests. 

6. Econ omic Efficiency: As defined by 
economists, marginal revenue, price, and 
marginal cost achieve equality. This re­
sults in Pareto Optimality. From a practical 
viewpoint this means that correct pricing 
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signals (generally based on marginal cost) 
are sent to the consumer. 

IRP involves a new approach to the deliv­
ery and pricing of utility services. Prior to IRP, 
electric and gas utilities primarily viewed 
themselves as providers of electricity and natu­
ral gas; following the implementation of IRP, the 
utilities are much more heavily involved in the 
customers' fuel decisions-including equip­
ment , fuel utilization, and fuel choice. IRP is 
gaining increasing momentum in its applica­
tion. A recent survey by the Electric Power Re­
search Institute (EPRI)2 showed that: 

• 3 1  states have some sort of electric IRP in 
place 

• 1 0  additional states have electric IRPs un­
der study 

• 1 4  states h ave examined and imple­
mented externality requirements 

• 7 additional states have requirements un­
der development. 

In the case of  natural gas , a recent 
survey3 categorized states by their activity in 
IRP for natural gas distribution utilities. The 
categories are : 

• In Practice-Utilities have submitted IRP 
Plans. 

• In Implementation-Utilities are subject to 
regulatory enforcement mechanisms to 
submit IRP Plans. 

• Under Development-Active considera­
tion of least cost planning issues with the 
intention of filing IRP Plans. 

• Under Consideration-Discussions con­
cerning least cost planning issues are tak­
ing place at the Commission or legislative 
level. 

• Not Actively Considered-Development 
of IRP Plans is not imminent. 

• Rejected-Commissions have formally re­
jected LCP requirements for natural gas 
utilities. 

2 Electric Power Research Institute (EPRI) 1 988. 
"Status of Least-Cost Planning in the United States," EPRI 
EM-6133, Palo Alto, CA. December. 

3 Applied Science Division, Lawrence Berkeley 
Laboratory, Survey of State Regulatory Activities on Least 
Cost Planning for Gas Utilities, April, 199 1 .  
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The survey found that 1 5  jurisdictions ei­
ther had gas IRPs implemented or in practice 
(the District of Columbia, Illinois, Iowa, Nevada, 
New Jersey, Oregon, Vermont, Washington, and 
Wisconsin) or under development (California, 
Connecticut, Hawaii, Massachusetts, New York, 
and Rhode Island) . 

·
Seven states were found to 

have gas IRPs under consideration (Alabama, 
Colorado, Maryland, Michigan, Montana, New 
Hampshire, and Ohio) . Of the 29 states that are 
not actively considering IRP for natural gas dis­
tribution utilities,  two states (Nebraska and 
Texas) do not regulate natural gas distribution 
at the state level and nine states (Arizona, 
Delaware, Georgia, Kansas, Kentucky, Missouri, 
Pennsylvania, Utah, and Virginia) are analyzing 
the experience with an electric IRP process be­
fore going forward with an application of IRP 
principles on the natural gas side. 

These results seem to indicate a great de­
gree of interest in IRP for natural gas distribu­
tion utilities themselves as well as a large po­
tential for even greater interest as the results of 
the electric utility experience with IRP become 
available. This will have a large and direct ef­
fect on the demand for natural gas. 

ORIGIN OF 1RP 
Integrated Resource Planning activities 

were initiated in the electric utility industry be­
cause many electric utilities were faced with 
significant needs for the expansion of their sys­
tems to meet rising demands for electricity. 
State regulators began to examine whether the 
increased need for electricity could be met 
with greater economic efficiency through con­
servation alternatives promoted by the utilities 
instead of the additional production of electric­
ity. The expansion requirements facing many 
electric utilities were, to a significant degree, 
caused by incorrect pricing signals communi­
cated via the rate structures to the consumer. 
The rate structures communicated a price for a 
kilowatt hour (kwh) to the consumer that was 
significantly less than the marginal cost of that 
additional kwh. Therefore, the consumer de­
manded more electricity than was economic to 
produce, resulting in economic inefficiency. 

The drivers of marginal cost for an elec­
tric utility are the factors that contribute to 
generation, transmission, and distribution ex-



penditures. Until the early 1 970s the marginal 
cost of electricity was declining for most ma­
jor electric utilities; since that time it has gen­
erally been in an increasing mode. That is, 
additional production of electricity costs more 
than the average cost of the total electricity 
produced. However, utility rates are generally 
set on the basis of average cost . Therefore , 
electric utilities were selling electricity at the 
margin for less than it cost to produce. An ex­
ample would be a peak hour on a summer 
peaking system with electricity costing possi­
bly 20 cents to produce but selling for possi­
bly 1 0  cents on an average cost-of-service ba­
sis. There has been general agreement that 
under such a scenario the pricing system 
does not communicate accurately to the con­
sumer the true economic costs of consump­
tion. This results in over consumption in lieu 
of conservation. 

CONCEPTS OF IRP 
The efficient pricing of products at their 

marginal cost results in economic efficiency. 
This type of outcome theoretically occurs in a 
non-regulated competitive market. Since util­
ities are regulated and since pricing is on the 
basis of average cost , the consumer generally 
does not respond to the marginal cost impli­
cations. In the case of rising marginal cost ,  
the consumer will perceive that the true cost 
of electricity is less than it actually is , and the 
consumer will demand more electricity than 
is economically efficient . The consumer will 
undervalue conservation .  Accordingly, the 
implementation of IRP attempts to create an 
environment in which costs of supply for a 
utility service and costs of demand for a util­
ity service are correctly considered, and in 
which market imperfections that prevent the 
attainment of economic efficiency are mini­
mized. 

The major problem that resulted in the 
development of IRP was that the underpricing 
of electricity at the margin resulted in the over 
expansion of supply; that is, electric utilities 
were spending too much on investment in new 
plants and equipment. and the consumer was 
spending too little on conservation. Utilities 
have traditionally focused their investments on 
the supply-side: i .e . ,  those activities neces-

sary to assure the delivery of their product to 
the consumer in the most efficient manner. IRP 
can arrive at an improved allocation of re­
sources by forcing the simultaneous consider­
ation of all supply options and costs, and all 
demand options and costs. IRP has as its basic 
premise, planning to assure that all sources­
e.g. , conservation as well as supply-receive 
adequate consideration. Utilities are being re­
quired to be more involved in demand-side 
planning since consumers have under-invested 
in demand-side options available at this time. 
Consumers have avoided making demand­
side investments due to their perception of a 
lower investment return on those resources. 
As a result of customers' discount rates being 
so high, relative to those of a utility, demand­
side options are available for the utility to pur­
sue as an investment strategy to reduce costs. 
Utility demand-side investment focuses on 
making the appropriate level of investment to 
achieve economic efficiency. 

IRP is now being undertaken within the 
gas industry. Many gas utilities face different 
economic structures from those faced by an 
electric utility. Marginal costs are not necessar­
ily increasing; in fact for many LDCs marginal 
costs are constant or declining. IRP has some 
strong implications for the gas business: 

• IRP programs for gas utilities will result in 
less consumption per customer, and­
other things being equal-a lower level of 
throughput by the LDC. By increasing the 
value of natural gas to the consumer via 
Demand Side Management , LDCs are 
able to retain existing load, more effec­
tively market gas as an obvious value to 
new customers, and delay or reduce the 
need to build new facilities. 

• IRP that considers interfuel selection gen­
erally leads to the conclusion that conver­
sion of some end uses from alternate fuels 
to natural gas is an economically efficient, 
lower cost option. For example, a good 
case can be made that there are signifi­
cant benefits from the new, high efficiency 
double-effect absorption commercial air 
conditioners, which have a lower operat­
ing cost than electric air conditioners and 
whose installation helps to avoid the addi­
tional construction of power plants. 
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CONTENTS OF A TYPICAL IRP 
PLAN 

IRPs are very similar for both gas and 
electric utilities; they typically have: 

• Supply Scenarios, based on marginal cost 
and fuel procurement models of distribu­
tion facilities and gas purchasing options 

• Demand Scenarios, usually based on end­
use models of residential, commercial, 
multifamily; industrial, and other types of 
demands 

• Cost Effectiveness Tests, which measure 
the benefits of demand-side programs, in­
cluding such tests as a participants test, a 
non-participants test ,  an all ratepayers 
test, a utility cost test, and other tests as 
appropriate 

• Program selection and integration tech­
niques, to provide for appropriate analysis 
and feedback effects 

• Evaluation techniques focusing on eco­
nomic efficiency 

• Plan Integration. 

These can be discussed in greater detail. 

Supply Scenarios 
Supply scenarios are long-term forecasts 

of the various supply options available to the 
utility to meet various levels of demand, includ­
ing a derivation of the least cost supply strategy: 
These optimization programs are computer 
driven and include as examples, OGP type 
models for electric utilities and ROGM type 
models for gas utilities. 4 Electric utilities, by the 
nature of their capital investment requirements 
have focused their supply planning on periods 
of 1 5  or more years. Gas utilities, without the 
same capital investment requirements, tradition-

4 OGP denotes "Optimized Generation Program." 
This procedure determines for an electric utility the opti­
mal selection of plant (e.g. , oil, coal, nuclear, gas, peaker, 
boiler, combined-cycle, etc.) and plant size. The pro­
gram considers load curves, fuel and capital costs, oper­
ation and maintenance costs, and other relevant factors. 
ROGM denotes "Raab Optimized Gas Model, "  and is a 
linear programming model for the selection of the most 
efficient selection of natural gas suppliers. There are a 
variety of vendors for such types of models. 
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ally forecast for five years .  IRP will require 
longer term forecasting from gas utilities in or­
der to better match the long-term benefits from 
demand-side programs, such as a higher effi­
ciency residential boiler, to the avoided supply 
costs. An IRP will generally include a number of 
supply scenarios. 

Demand Scenarios 
Demand scenarios are long-term fore­

casts of the demand for each segment of a util­
ity's customer base. 'Itaditional forecasts have 
identified consumption by utility rate classes, 
which included multiple end uses. Current 
forecasts are now utilizing more of an end-use 
framework to better match the end uses for a 
particular fuel with the demand-side programs 
that can impart a change in demand for the 
end use. Models typically include residential, 
commercial, apartment , industrial, and other 
sectors. Disaggregation is based on space 
conditioning, water heating, lighting, process 
use, and other end uses. 

Cost Effectiveness Tests 
Demand-side investments are made 

when the benefits to investing in the programs 
are less than the alternative supply option. 
Various methodologies have been presented 
to assess whether a particular program is 
worthy of investment as opposed to invest­
ment in traditional supply resources, but the 
most commonly cited example comes from 
the Standard Practice Manual: Economic Anal­
ysis of Demand Side Management Programs 
developed by the utilities and regulators in 
California. This manual identifies a number of 
tests used to quantify the benefits and costs of 
conservation programs. 

The Participant Test 
Stated simply; tbe purpose of the Partici­

pant Test is to determine whether any Demand 
Side Management activity is cost effective from 
the standpoint of the individual or entity partici­
pating in the activity. This test is both the easi­
est to pass and the most fundamental to the 
success of a DSM program. It is easiest to pass 
in the sense that no considerations other than 
those that involve the directed affected individ­
ual or entity enter into the calculation. It is most 
fundamental to the success of any program in 
the sense that failure to demonstrate quantifi-



able benefit to the participant will limit pro­
gram participation. 

Advantages: 

1 .  Good "first cut" at the desirability of the 
program to customers. 

2. Can be used to design minimum incentive 
levels. 

3. Can be used to determine program par­
ticipation rates. 

4. Can determine whether fuel substitution 
programs are in the long-run best interest 
of the customer. 

Disadvantages: 

1 .  The test reflects only quantiii.able benefits 
and costs to the customer and is therefore 
not a complete measure of the conse­
quences of program participation. 

2. The test may not reflect the true complexity 
of a customer's decision making process. 

Comments: 

The California Standard Practice Manual 
defmes the benefits and costs that should be 
included in an application of the Participant 
Test. The benefits include "the reduction in the 
participant's utility bill(s) , any incentive paid by 
the utility or other third parties, and any fed­
eral, state, or local tax credit received." The 
manual states that if a program involves fuel 
switching, then benefits also include "the 
avoided capital and operating costs of the 
equipment/appliance not chosen." The costs to 
the participant include "all out-of-pocket ex­
penses incurred as a result of participating in a 
program, plus any increases in the customer's 
utility bill(s) ." 

Since these benefits accrue and costs are 
incurred over the life of the program, which is 
often greater than one year, it is appropriate to 
express the benefits and costs on a net present 
value basis. A discounted payback period can 
be calculated. The relationship of these costs 
and benefits expressed in present value terms 
can also be presented in difference form for 
the total program and on average as well as in 
ratio form. 

The benefit and cost terms described above 
can be expressed mathematically in the following 
equations. 

Equation 1 

where: 

BR = Bill reductions in year 

BI = Bill increases in year 

TC = Tax credits in year 

INC = Incentives paid by sponsoring 
utility in year 

PC = Participant costs in year (initial 
capital costs, sales tax ,  ongoing 
operation and maintenance costs, 
and net salvage) 

PAC = Participant avoided cost in year 
for alternate fuel devices 

AB = Avoided bill from alternate fuel in 
year. 

There is also an additional feature of the 
California evaluations : the inclusion of gross 
and net impacts. The difference in these values 
is that impact would have occurred in the ab­
sence of the program. Program participants 
who would have implemented the program 
technology in the absence of incentives are re­
ferred to as "free riders: '  Thus, the gross and 
net distinction employed in the California eval­
uations is an attempt to measure the impact of 
free riders on program results. 

The Non-Participant Test 

The Non-Participant Test is sometimes re­
ferred to as the Rate Impact Measurement Test. 
As these names imply; the purpose of this test 
is to measure the degree to which individuals 
and entities who choose not to participate in 
the DSM programs of the offering utility will be 
affected. 

This is often a restrictive test in the sense 
that many DSM programs will save energy. 
Since there are then fewer units over which to 
spread unchanged demand related costs (as 
well as program costs) , the rates to all customers 
increase. To the extent that non-participants are 
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not involved in a program to off-set these in­
creases, they may be negatively impacted. 

Many utilities have argued that if any pro­
gram causes any ratepayer to be negatively im­
pacted, the program should not be offered. 
This is the so-called "no losers" rule. 

Those who disagree with this position ar­
gue that if all non-participants are free to partici­
pate in the programs offered by a utility, then 
the non-participants have the opportunity to 
lessen the impact of higher bills with savings re­
sulting from participation in one or more of the 
offered programs. Furthermore, it is argued 
that if marginal costs exceed average costs , 
then implementation of any supply-side ·option 
will have negative rate consequences for all 
customers. Thus, if demand-side and supply­
side options are evaluated equally, demand­
side programs with negative rate consequences 
may be better from a least cost perspective than 
supply-side alternatives. 

Even proponents of this test would proba­
bly not argue that it should not serve as the 
sole basis for deciding whether to implement 
a demand-side program, however. Rather, the 
test should be one of a group offered to deter­
mine the costs and benefits resulting from pro­
gram implementation. 

Advantages: 

1 .  Determines the direction and magnitude 
of the expected change in customer bills 
or rate levels as a result of a DSM pro­
gram. 

2. The only test that reflects customer rev­
enue shifts (cross-subsidization) as a re­
sult of lost revenues from conservation 
programs. 

3. Can be used to evaluate all program types 
(conservation,  load management , fuel 
substitution, and load building) . 

Disadvantages: 

1 .  The test results may be less certain than 
other tests because the test is sensitive to 
long run marginal cost and rate projec­
tions. 

2. The test results are sensitive to fmancing 
assumptions. 

3. Under certain conditions (MC < AC) , a 
program that promotes an inefficient ap-
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pliance may give a more favorable result 
than a program that promotes an efficient 
appliance.  

4. DSM programs with the sole intent of 
building load will pass the test. 

Comments: 

In order to implement this test , the Califor­
nia Standard Practice Manual defines benefits to 
include savings from avoided supply costs for 
all affected fuel types and any revenue gains 
that may result from a fuel switching program. 
Costs are defined in the Manual to be equal to 
"costs incurred by the utility, the incentive pay­
ments to the participant,  decreased revenue for 
any periods in which load has been decreased 
and increased supply costs for any periods 
when load has been increased:' The Manual 
also clearly states that "the decreases in rev­
enues and increases in the supply costs should 
be calculated for both fuels for fuel substitution 
programs using net savings: '  

Again, benefits accrue and costs are in­
curred over many years during which the pro­
gram under evaluation is in effect. Thus, pre­
sent value is an appropriate way to express the 
results. However, the first year revenue impact 
may also be of interest. If so, the Manual states 
that this is an acceptable way to present the re­
sults. Results can also be expressed as a dif­
ference, a ratio, and on a per unit of energy 
saved basis. 

The mathematical formulae that define 
these tests are as follows: 

Equation 2 

where: 

UAC = utility avoided supply costs in 
year 

me = utility increased supply costs in 
year 



RG = revenue gain from incre ased 
sales in year 

RL = revenue loss from reduced sales 
in year 

uc = utility program costs in year 

E = system sales. 

The All Ratepayers Test 

In many jurisdictions, the All Ratepayers 
Test (also known as the Total Resource Cost 
'!est) serves as the primary evaluation tool for 
DSM programs. The purpose of the All Ratepay­
ers '!est is to measure the impact on all ratepay­
ers (both participants and non-participants in 
the DSM programs offered by the sponsoring 
utility) . Accordingly. the All Ratepayers '!est can 
be computed as the sum of the benefit and cost 
terms of the participant and non-participant 
tests. 

The California Manual notes that test re­
sults of the All Ratepayers '!est "for fuel substi­
tution programs should be viewed as a mea­
sure of the economic efficiency implications of 
the total energy supply system (gas and alec­
trier· The benefits to be included in the test 
are the avoided supply costs, valued at the 
marginal cost. Costs include all participant and · 
utility costs, plus the increased supply costs if 
load is increased. "For fuel substitution pro­
grams, the costs also include the increase in 
supply costs for the utility providing the fuel 
that is chosen as a result of the program:•  

Similar to the other tests, it is also appro­
priate to express the results of the All Ratepay­
ers '!est in net present value terms, as a ratio, or 
on a per unit of energy saved basis. 

Advantages: 

1 .  Measures the net costs of a Demand Side 
Management program as a resource op­
tion based on the total costs of the pro­
gram. 

2.  Can be applied to conservation , load 
management , and fuel substitution pro­
grams. 

3. When applied to fuel substitution pro­
grams, measures the economic efficiency 
implications of a program on the total en­
ergy (gas and electric) supply system. 

4. The test is broad in scope and considers 
the impacts on .all ratepayers (classes and 
fuel types) . 

5. The test provides a useful basis for com­
paring investments in demand-side op­
tions to investments in supply-side op­
tions. 

6. Uncertainties associated .with embedded 
rate projections are minimized. 

7. DSM programs with the sole intent of 
building load will fail the test . 

Disadvantages: 

1 .  Cross-subsidies are not identified by the 
test . 

Comments: 

Mathematically. the test can be expressed 
in the following equations: 

JL _ = � UAC1 + TC1 + � UACal + PAC at 
'"'TRC � ( )1-1 � ( )1-1 

Equation 3 

where: 

1=1 l + d  1=1 l + d  

C = � UC1 + PC1 + UIC1 
TRC � ( )1-1 1=1 l + d  

UAC = utility avoided costs 

TC = tax credits in year 

PAC = participant avoided cost in year 
for alternate fuel devices 

UC = utility program costs in year 

PC = participant costs in year (initial 
capital costs, sales tax, ongoing 
operation and maintenance costs, 
and net salvage) 

UIC = utility increased supply costs in 
year. 

A variant of the All Ratepayers '!est relies 
on the fact that the All Ratepayers '!est as de­
scribed aboye is actually the sum of the Partici­
pant '!est and the Non-Participant '!est,  after ap­
propriate mathematical simplification. The 
simplification requires that lost revenues by al­
ternate fuel suppliers be cancelled with bill 
savings of consumers of the alternate fuel. In 
mathematical terms: 

C-7 



B = BR+ TC + INC+ AB(a!)+ PAC( a!) 
Equation 4 +UAC + RG + UAC( a!) 

C =  PC+ Bl+ UIC+ RL+ UC+ INC+ RL(a!) 

where all variables are defined as before. To 
simplify these equations, set TC = 0, cancel BR 
in the B equation and RL in the C equation, can­
cel RG in the B equation and BI in the C equa­
tion, and subtract the incentive (INC) from both 
equations. This leaves: 

. B = AB( a!) + PAC( a!)+ UAC + UAC( a!) Equation 5 
C = PC- INC+ UIC+ UC + INC+ RL(a!) 

If we now define the following variables: 

PC' = participants cost above the in­
centive amount 

UC' = utility cost including the incen­
tive 

RL(al) = 0 

PAC(al) I = PAC(ai) + AB(al) 
this leaves: 

Equation 6 B = UAC + UAC(a!)+ PAC( a!) 
C = PC' + UIC+ UC' 

I 

This formulation of the All Ratepayers test 
recognizes that in all cases the alternative fuel 
supplier is in a growth mode. Therefore, they 
experience no real revenue loss. 

The Utility Cost Test 

This test defines costs narrowly and mea­
sures the net cost incurred by a utility of a De­
mand Side Management program as a re­
source option. The purpose of the Utility Cost 
Thst is to determine the actual cost to the utility 
of a particular Demand Side Management ac­
tivity. 

The benefits include the avoided supply 
costs. In the case of fuel substitution programs 
offered by a combination utility, benefits also 
include the avoided supply costs of the alter­
nate fuel. In the case of a fuel substitution pro­
gram in which two competing utilities are in­
volved, only the benefits associated with the 
avoided costs of the primary fuel are included. 
This differs from the treatment of avoided costs 
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in the All Ratepayers Thst presented above, but 
is logically consistent. The consistency stems 
from the fact that benefits to all ratepayers logi­
cally include all benefits, including those that 
result from substitution applications. On the 
other hand, benefits to a utility offering the pro­
gram only include those benefits that will logi­
cally accrue to the utility. 

Costs in the Utility Cost Test include all 
out-of-pocket costs incurred to implement the 
program and include "the program costs in­
curred by the utility, the incentives paid to the 
customers, and the increased supply costs for 
the periods in which the load is increased:' 

Since these benefits accrue and costs are 
incurred over the life of the program, which is 
often greater than one year, it is appropriate to 
express the benefits and costs on a net present 
value basis. A discounted payback period can 
be calculated. The relationship of these costs 
and benefits expressed in present value terms 
can also be presented in difference form for 
the total program and on average as well as in 
ratio form. 

Advantages: 

1 .  Measures the net costs of a Demand Side 
Management program as a resource op­
tion based on the utility's costs of the pro­
gram . 

2 .  Uncertainties associated with embedded 
rate projections are minimized. 

3. DSM programs with the sole intent of 
building load will fail the test. 

Disadvantages: 

1 .  The test understates the true cost of ac­
quiring the resource since it excludes par­
ticipant costs. 

2. Cross-subsidies are not identified by the 
test. 

Comments: 

The benefit and cost terms of the utility 
cost test can be expressed

· 
mathematically as 

follows: 

Equation 7 

JL .  = � UAC1 + � UAC,1 
""1JC � ( )1-1 � ( )

1-1 
1�1 l + d  1=1 l + d  

C = � UC1 + INC1 + UIC, 
rx: � ( )1-1 1=1 l + d 



where: 

UAC = utility avoided costs 

UC = utility program costs in year 

INC = utility incentive payments 

UIC = utility increased supply costs in 
year. 

The Societal Test 

This test includes the consideration of ex­
ternalities among the costs and benefits. 

Advantages: 

1 .  Measures the net costs of a Demand Side 
Management program as a resource op­
tion based on the total societal costs of the 
program. 

2. Can be applied to conservation , load 
management , and fuel substitution pro­
grams. 

3. When applied to fuel substitution pro­
grams, measures the economic efficiency 
implications of a program on the total en­
ergy (gas and electric) supply system. 

4. The test is broad in scope and considers 
the impacts on all segments of society (in­
cluding different fuel types) . 

5. The test provides a useful basis for com­
paring investments in demand-side op­
tions to investments in supply-side options 
from a societal perspective. 

6. Uncertainties associated with embedded 
rate projections are minimized. 

7 .  DSM programs with the sole intent of 
building load will fail the test . 

8. The program can incorporate externali­
ties. 

Disadvantages: 

1 .  Cross-subsidies are not identified by the 
test. 

2. The results of the test may be less reliable 
because they rely on the quantification of 
externalities, by definition an unmeasur­
able effect. 

Programs and Program Selection 

A wide variety of conservation and De­
mand Side Management programs are avail-

able for implementation by both electric and 
gas utilities ,  individually or in some cases 
jointly. Such programs usually include some 
type of subsidy or payment to the participant to 
induce the undertaking of some type of con­
servation action. The actual delivery of pro­
grams is frequently implemented through sub­
contractors and existing trade channels . 
Programs are frequently focused on all energy 
consuming sectors, including residential, com­
mercial , multifamily, industrial, and possibly 
other major users. In the case of the gas utility 
industry such programs have included: 

• Higher efficiency furnaces for space heat­
ing in both the residential and commercial 
sectors 

• Building shell modifications, including in­
sulation , weatherization (i . e . , weather­
stripping, caulking, etc . ) , window im­
provements  and replacement , and 
building design improvements 

• Behavior modification, including time-of­
use rates and equipment cycling for the 
shifting of loads to off peak periods, en­
ergy audits, clock thermostats 

• Equipment modifications , including 
higher efficiency equipment-such as im­
proved hot water heaters and clothes dry­
ers, and electronic ignition for ranges and 
ovens instead of pilot lights. 

Significant levels of expenditures can oc­
cur in the implementation of programs-mil­
lions of dollars. In general, programs are re­
quired to pass the economic efficiency tests 
discussed above, typically the All Ratepayers 
test. A successful program will frequently in­
crease rates, but will also decrease consump­
tion; and the decrease in consumption will off­
set the higher cost per unit. 

The objectives that support DSM pro­
grams can be summarized as follows: 

• To provide only those programs that have 
a high probability of being cost effective 

• To provide programs that can demonstrate 
energy savings that reflect on customer 
bills 

• To minimize the incidence of unnecessary 
incentives 

• To maximize free-drivership 
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• To provide programs to consumers that 
emphasize the best energy value 

• To minimize the chance for cross-subsidies, 
both between jurisdictions and between 
customer classes. 

The reason for the first objective is simple 
and related to basic economics: if programs 
are being offered that are not cost effective, 
then all parties are harmed, and not helped, as 
a result. Ratepayers are harmed if they are re- · 
quired to shoulder cost burdens that are higher 
than they would be in the absence of conserva­
tion programs. Shareholders are harmed both 
by virtue of the fact that they are asked to ab­
sorb part of the cost for uneconomic activities 
as well as by the loss in market share that 
comes from uneconomic prices. 

Requiring programs actually to save energy 
(and additionally requiring that these savings be 
measurable) is a necessary condition for the 
demonstration of cost effectiveness. Thus, this 
second objective goes hand-in-glove with the 
fiLst objective. However, this objective goes be­
yond the issue of cost effectiveness. It requires 
that savings not be generated by engineering 
models (which tend to over-estimate savings) . It 
further requires that savings not be generated by 
judgment (which can argue for the approval of 
any program) . In short , this objective requires 
the program to produce measurable savings and 
these savings are defined as reductions in con­
sumers' bills. The precise measurement of how 
this is done will be provided under a description 
of the programs below. 

The payment of incentives to individuals 
who would engage in an activity that a conser­
vation program is trying to promote in the ab­
sence of that incentive results in incentive dol­
lars that are needlessly spent to encourage 
program participation. The consequences of 
this problem are clear: money is needlessly 
spent. This has the effect of diluting the cost ef­
fectiveness of any proposed conservation pro­
grams. In practice, it is impossible to eliminate 
free riders from conservation programs . 
Therefore, the objective becomes one minimiz­
ing the incidence of such participants. This is 
done through careful evaluation of the incen­
tives involved, and continually monitored as 
part of the routine evaluation process. 

Closely related to the concept above are 
free-drivers. Free-drivers engage in the con-
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servation activities designed t o  be promoted 
by conservation programs, but do so without 
the payment of incentives. Free-drivers are 
generally assumed to engage in such behavior 
because of the greater conservation awareness 
or competitive advantage engendered by an 
IRP program. 

In order to offer programs that support the 
concept of providing consumers the best en­
ergy value, it is crucial that all energy sources 
(all fuels) are considered in the cost effective­
ness evaluations. Once again, the rationale for 
this thinking is clear. The imposition of IRP pro­
grams to change consumer behavior involves 
the tinkering with the free-market system. To 
the extent that this tinkering results in a worse 
allocation of resources than would otherwise 
occur, then any benefits to be gained from the 
imposition of such programs will vanish. In or­
der to minimize the deleterious effects of such 
tinkering, the broadly defined energy market 
must be considered. 

In order to minimize the chance for cross­
subsidies, both between jurisdictions and be­
tween customer classes, it is imperative that the 
costs of the IRP programs being offered are as­
signed correctly to the class or jurisdiction that 
is benefiting from the program. For example, 
the payment of incentives to residential ratepay­
ers for the installation of more efficient appli­
ances provides benefits (as determined by an 
All Ratepayersflbtal Resource Cost Test) to resi­
dential ratepayers (the incentive itself) and to 
other classes (the system savings associated 
with the program) . While the correct assign­
ment of costs and benefits is largely a judgmen­
tal matter, it is important that the assignment be 
carefully done so as to minimize any cross-sub­
sidization that takes place. 

Conservation Program Evaluation 
Techniques 

IRP and DSM programs are generally eval­
uated in terms of two approaches:  process 
evaluation and impact evaluation. 

Process evaluations are concerned with a 
program's design and operational efficiency. 
There is emphasis on critically examining cus­
tomer and utility/contractor staff reaction to the 
program. The procedure determines the ex­
tent to which customers are satisfied with the 
programs offered. A process evaluation typi-



cally addresses some of the following issues: 
customer satisfaction and attitudes, effective­
ness of promotions and incentives, measure­
ment of impacts, comprehensiveness, opera­
tional efficiency of utility staff, implementation 
effectiveness, and program participation. 

Impact evaluations determine how much 
energy is actually saved by implementing the 
programs. This is critical because energy sav­
ings will have a direct bearing on the cost ef­
fectiveness of the dollars invested. The criteria 
used to measure the impact evaluation include 
participation, energy savings of the partici­
pants, and comparisons with control groups. 

Overall Plan Integration 

Since IRP requires utilities to investigate 
both demand-side options as well as supply­
side options in determining the most cost effec­
tive investment options to deliver energy service 
to customers, each utility has to model decision 
making based on the availability of both re­
source options. 'lb the degree that demand-side 
resources meet customer energy needs and are 
more cost effective than supply-side investment 
options , the utility decision making model 
should focus on more demand-side investment. 
When supply-side resources provide greater 
value, those resources should be included in the 
investment mix. A long run equilibrium model 
will ideally identify a mix of both supply-side 
and demand-side resources to meet customer 
energy needs. 

The various available supply, demand, 
DSM choice, and other needs are typically sim­
ulated in a general equilibrium environment . 
The resulting solution then identifies optional 
levels of demand and supply resources. 

OUTLOOK FOR GAS UTILITY IN­
TEGRATED RESOURCE PLANS 

IRP has now been extended to local gas 
distribution companies. This has been causing 
major changes in the way in which gas compa­
nies approach their business: 

• First, IRP proceedings typically involve ne­
gotiation in working groups with inter­
venors who previously have typically been 
on an adversarial basis in regulatory hear­
ings. 'lb the degree that working groups 
can resolve controversial issues and arrive 

at economically efficient solutions , the 
consumer interest is well served. 

• Second, LDCs have incurred significant 
expenses in program development and 
implementation. In some cases programs 
are expensed, and in other cases they are 
accrued or capitalized. Cost recovery of 
these expenses is necessary to ensure a 
continued level of  commitment by top 
management to the process. 

As the LDCs continue to pursue IRP there 
will be a number of discoveries. For example, 
there are differences between the gas and 
electric businesses. Many LDCs have declin­
ing marginal cost curves. The major savings 
may be energy savings rather than capacity 
savings, assuming that no additional pipelines 
need to be built . The plans are very similar to 
electric utility plans. The major difference is 
that gas utility declining cost mode makes di­
rect gas conservation somewhat less dramatic 
than it would be in an increasing cost mode. 
There is no reason to believe that major new 
amounts of pipeline capacity need to be built to 
serve residential and commercial loads, and 
therefore evaluation under an incre asing 
marginal cost would be inappropriate. 

When assessing the level of benefits 
achieved through IRP for gas utilities and the 
distribution of those benefits, some additional 
differences emerge. Since a smaller proper­
tion of the savings are related to capacity 
changes, fewer benefits from demand-side in­
vestment transfer to non-participants of DSM 
programs. In some cases, non-participants will 
see cost increases to fund DSM exceed the ca­
pacity savings; both their rates and their bills 
could go up. 

Where combination electric and gas utili­
ties exist, the greatest coordination of DSM in­
vestment based on relative energy avoided 
costs and savings has occurred. For example, a 
number of combination utilities with growing 
electric peaks and a need for greater generat­
ing capacity have implemented DSM programs 
aimed at shifting commercial electric air condi­
tioning customers to natural gas systems by 
providing incentives paid either totally out of 
electric ratepayer funding mechanisms or joint 
electric and gas ratepayer funding mechanisms 

(. 

based on the relative costs and benefits. IRP 
can save significant capital costs and improve 
economic efficiency by shifting some electric 
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load to natural gas. This may also occur in 
cases where the benefits flow to the electric 
customers but the utilities are separate entities. 

IMPLICATIONS FOR NPC STUDY 

IRP will cause gas to be used more effi­
ciently, reducing gas utility load per household. 
Similar results can be expected for other sec­
tors. It is therefore clear that in the case of the 
residential and commercial sectors that total 
load will decline except to the degree that ad­
ditional customers come on line. The imple­
mentation of IRP principles may result in the 
conversion of some load-possibly commercial 
gas air conditioning, and possibly some other 
types of residential or · commercial load-to 
natural gas. This would not be predatory load 
building on the part of gas utilities but, rather, a 
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free market decision by consumers based on 
cost justified, economically efficient rates. Un­
der the California conservation procedures, 
pricing and DSM signals are sent to consumers 
based on economic efficiency; at this time, the 
economics appear to favor increased utilization 
of natural gas. Several principles emerge: 

• First, IRP should cause substantial conser­
vation. This conservation is good, for it 
enhances economic efficiency and im­
proves the competitive position of most 
gas appliances as they compete for mar­
ket share against electricity. 

• Second, IRP may result in some fuel selec­
tion in favor of natural gas, to the degree 
that natural gas is the economically prefer­
able choice after conservation to reduce 
high cost, peak electric consumption. 



R.ESID GRAPHS* 

Region One: 

Region Two: 
Region Three: 

Region Four: 

Region Five: 

Region Six: 

Region Seven: 

Region Eight: 

Region Nine: 

Region Ten: 

Consumption Per Customer & 
Number of Households Consuming 

Regions 1 - 1 0  

Coimecticut, Maine, Massachusetts, New Hampshire, Rhode Island, 
and Vermont 

New York and New Jersey 

Delaware, Peimsylvania, Maryland, Virginia, West Virginia, and 
District of Columbia 

Alabama, Florida, Georgia, Kentucky, Mississippi , North Carolina, 
South Carolina, and Teimessee 

Illinois, Indiana, Michigan, Ohio, Wisconsin, and Miimesota 

Arkansas, Louisiana, Oklahoma, Texas, and New Mexico 

Iowa, Kansas, Missouri, and Nebraska 

Colorado, Utah, Wyoming, Montana, North Dakota, and South Dakota 

California, Arizona, and Nevada 

Idaho, Washington, and Oregon 

* Graphs are based on historical data from the previous 20 years. The source for the data is Natural Gas Annual 
1990, Volume 2 ,  December 1 99 1 ,  DOEIEIA-0131 (90)/2 . 
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Region One: 

Region Two: 
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Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island, 
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New York and New Jersey 

Delaware, Pennsylvania, Maryland, Virginia, West Virginia, and 
District of Columbia 

Alabama, Florida, Georgia, Kentucky, Mississippi , North Carolina, 
South Carolina, and Tennessee 
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Colorado, Utah, Wyoming, Montana, North Dakota, and South Dakota 

California, Arizona, and Nevada 

Idaho, Washington, and Oregon 
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Region Five: 
Region Six: 

Region Seven: 
Region Eight: 

Region Nine: 

Region Ten: 

Average Price 

Regions 1 - 1 0  

Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island, 
and Vermont 

New York and New Jersey 

Delaware, Pennsylvania, Maryland, Virginia, West Virginia, and 
District of Columbia 

· 

Alabama, Florida, Georgia, Kentucky, Mississippi, North Carolina, 
South Carolina, and Tennessee 

Illinois, Indiana, Michigan, Ohio, Wisconsin, and Minnesota 

Arkansas, Louisiana, Oklahoma, Texas, and New Mexico 

Iowa, Kansas, Missouri, and Nebraska 

Colorado, Utah, Wyoming, Montana, North Dakota, and South Dakota 

California, Arizona, and Nevada 

Idaho, Washington, and Oregon 
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An elasticity analysis was conducted of the 
effect of increases in natural gas prices on con­
sumption in real terms. Table E- 1 presents the 
results. The methodology is relatively simple: 

• Average U.S. consumption per household 
was 11 80 Therms/household in 1 975. Av­
erage residential cost o f  gas was 
$3 .50/(1 990$) per MCF per household 
during the early 1 970s. l 

• The 1 990 residential cost of gas in real 
terms was $5 . 76 .  Three possible price 
escalation scenarios in real terms were 
considered: 0 percent , 1 percent, and 2 
percent for the next 1 0 years. Currently 
available information suggests that many 
people believe that the 2 percent cost .in­
crease is not unrealistic . However, two 
other cases were run as alternate cases: 
no real cost increase and 1 percent real 
cost increase. 

• Elasticity as defined by economists is neg­
ative percent change in quantity with re­
spect to percent change in price. Elastici­
ties of - .2 ,  - .3,  and -.4 were considered. A 

1 Information is obtained from Table 2-3. 

short run residential elasticity of -.4  would 
not be unrealistically low; in fact , the litera­
ture contains higher elasticities. Stated 
differently, consumers respond to price in­
creases. 

• The projected price in the year 2000, rela­
tive to $3.50 from the 1 970s, was used to 
compute percent change in price;  com­
bined with elasticity data, a total of nine 
projected Therms/household solutions 
were computed. 

In 1 990,  Therms per household were 874, in 
comparison to 1 1 80 in 1 975. The analysis sug­
gests that further declines to the neighborhood 
of 700 to 800 are possible over the time frame 
of 1 990-2000 . 

It is crucial to note that the analysis is de­
pendent on assumptions about price changes 
and consumer behavior as represented by 
elasticity. There is not universal agreement on 
the exact values of elasticities and/or price 
growth. 

The results are presented in Table E- 1 ; 
some decrease in consumption per household 
appears to be likely. 

E-1 



TABLE E-1 

PROJECTED THERMS PER 
HOUSEHOLD IN 2000 
PERCENT CHANGE 

Elasticity 

-2 
-.3 
-.4 

N PRICE PER YEAR 

0% 

1 030 
950 
870 

1 %  

990 
890 
790 

2% 

940 
820 
700 

SOURCE: Energy Information Administration. 
The objective of this exercise is· not to project 
Therms per Household consumption. The objective 
is to indicate that further decreases in consumption 
per household are likely. 

PRICE PROJECTIONS, 1 990-2000 
Table E-2 references three scenarios of 

price escalations. 

TABLE E-2 

PRICE PROJECTIONS 
(Real $ per MCF) 

Rate of Price Escalation 
OOA. 1 %  2% 

1 990 5.76 5.76 5.76 
1 991 5.76 5.82 5.88 
1 992 5.76 5.88 5.99 
1 993 5.76 5.93 6. 1 1 
1 994 5.76 5.99 6.23 
1 995 5.76 6.05 6.36 
1 996 5.76 6.1 1 6.49 
1 997 5.76 6.1 8 6.62 
1 998 5.76 6.24 6.75 
1 999 5.76 6.30 6.88 
2000 5.76 6.36 7.02 
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ELASTICITY ANALYSIS 

$3.50 is 1 97 2  price ; $7 .86 is max price 
(achieved in 1 983) ; Projected Prices for 2000 
are $5. 76, $6.36, and $7 .02. 

Elasticity = - % A Q 
% A  Price 

Three Elasticities are assumed: - .2 , ­
.3, and -.4 

Four (% A Price) are assumed:2 

a) Change between 1 972 and 1 983. 

b) Change between 1 972 and 2000 
with 0% after 1 990. 

c) Change between 1 972 and 2000 
with 1% after 1 990. 

d) Change between 1 972 and 2000 
with 2% after 1 990. 

For each of the three elasticities and four 
price changes the elasticity equation may be 
solved for -% A Q, and a consumption per 
household may be determined. 

For 1% price escalation and E = - .4 ,  the 
result is 793 Therms (rounded to 790 in Table 
E-1 ) .  Actual 1 990 consumption in Table 2-3 is 
denoted as 874  Therms (87 . 4  MCF) . This 
shows that additional conservation is likely. 

2 It is assumed that the consumer regards the 1972 
price as the expected price for the 1972-77 time period; 
otherwise, 1975 would be used as base year for these 
calculations. 



APPENDIX F 
COMPARING OF CENSUS AND NPC REGIONS 

CENSUS DIVISION 

NEW ENGLAND 
CONNECTICUT 
MAINE 
MASSACHUSETTS 
NEW HAMPSHIRE 
RHODE ISLAND 
VERMONT 

MIDDLE AnANTIC 
NEW JERSEY 
NEW YORK 
PENNSYLVANIA 

SOUTH ATLANTIC 
DELAWARE 
DISTRICT OF COLUMBIA 
MARYLAND 
VIRGINIA 
WEST VIRGINIA 
FLORIDA 
GEORGIA 
NORTH CAROL

:i
i�NlAA��·;; 

SOUTH CAROLINA .,.__,.,_,,.... 

EAST SOUTH CENTRAL 
KENTUCKY 
MISSISSIPPI 
ALABAMA 
TENNESSEE 

EAST NORTH CENTRAL 
ILLINOIS 
INDIANA 
MICHIGAN 
OHIO 
WISCONSIN 

NPC REGIONS 

REGION 1 
CONNECTICUT 
MAINE 
MASSACHUSETTS 
NEW HAMPSHIRE 
RHODE ISLAND 
VERMONT 

REGION 2 
NEW JERSEY 
NEW YORK 

REGION 3 
DELAWARE 
DISTRICT OF COLUMBIA 
MARYLAND 
VIRGINIA 
WEST VIRGINIA 
PENNSYLVANIA 

REGION 4 
___ ,. NORTH CAROLINA 
�=:::::-"- SOUTH CAROLINA 

FLORIDA 
- -,..,........_ _ GEORGIA 

KENTUCKY 
MISSISSIPPI 
ALABAMA 
TENNESSEE 

REGION S 
ILLINOIS 
INDIANA 
MICHIGAN 
OHIO 
WISCONSIN 

"' "" - MINNESOTA 
WEST NORTH CENTRAL :m om �m ,�o m� m: m= 'Q� 

om 

MINNESOTA -·"""""'""'" REGION 7 
IOWA "':'� :::§ NEBRASKA 

����: ��:::�::::::::' ��s 
NEBRASKA MISSOURI 
NORTH DAKOTA 
SOUTH DAKOTA REGION S 

MONTANA. 
WYOMING 
UTAH ��:.._ COLORADO 
NORTH DAKOTA �'i��::::����� SOUTH DAKOTA 
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Advanced Absorption Systems: Research pro­
jects currently being conducted on advanced 
absorption systems are the development of the 
triple-effect absorption chiller and the advanced 
absorption working fluid/additives. The triple 
system provides a higher cooling efficiency by 
the effective utilization of internal heat. 

Absorption Chillers: (coefficient of perfor­
mance-COP range of 0 .95- 1 . 1 8) :  These sys­
tems most often have two-stage or double­
effect cycle capabilities in which refrigerant is 
processed twice to provide more efficient cool­
ing than single-stage equipment . The refriger­
ant is usually water not chlorofluorocarbons 
(CFCs) . They are commonly found in large 
commercial buildings that use central cooling 
plants. (Equipment costs :  $375-$ 1 ,300/ton; 
Equipment sizes: 20- 1 ,500 tons) . 

Engine-Driven Chillers: (COP range of 1 .4-
2.0) :  This equipment uses a natural gas engine 
to drive a refrigerant compressor. The refrig­
erant is a hydrochlorofluorocarbon (HCFC) 
which has a lower ozone depletion factor. 
Engine-driven chillers are generally consid­
ered the most efficient of all gas-powered air 
conditioning technologies. Key to the engine's 
superior performance is its ability to operate 
more efficiently than electric systems at part 
load. (Equipment costs: $45-$850/ton; Equip­
ment sizes: 30-460 tons) . 

• Direct Expansion (D/X-COP of 0 .77) :  This 
is a gas rooftop heating and air condition­
ing system equipped with solid state tem­
perature controls designed for buildings in 
the 6 ,000 square foot and larger category. 
The unit features natural gas heating with 
gas engine-driven direct expansion cool­
ing. The compressor-drive engine is a 4-
cylinder industrial duty type powered by 
natural gas . The engine also drives the 
condenser fan. The compressor is a 4-
cylinder reciprocating open-drive type us­
ing HCFC-22 as the refrigerant. The sup­
ply air blowers are powered by an electric 
motor. The natural gas furnace is an in­
duced draft type with an intermittent pilot 
ignition system. (Equipment costs: $780-
$1 , 1 70/ton; Equipment sizes: 1 5-25 tons) . 

Desiccant Systems: (COP range of 0 . 7- 1 .5) : 
Desiccant Systems lower humidity and can be 
run in conjunction with another cooling system 
within a building. Desiccant systems are typi­
cally used in operations where high latent cool­
ing loads require full ventilation and strict humid­
ity control. These systems are attractive because 
they separate the latent loads from the sensible 
loads to assure adequate moisture removal with­
out overcooling or reheating. The desiccant ma­
terial can be either in a solid or liquid form. 
Prime applications are supermarkets, restau­
rants, health clubs, dry cleaners, motels/hotels, 
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and office buildings. (Equipment costs: $700-
$1 ,300/ton; Equipment sizes: 40-80 tons) . 

Stirling Engine and IC Engine-Driven Heat 
Pumps: The Stirling engine operates by com­
pressing and expanding working gas such as 
helium and hydrogen by heating and cooling. 
The gas is contained in a continuous closed 
volume. The closed volume is divided into hot 
and cold regions. Heating and cooling are ac­
complished by periodically transferring a 
working gas between hot/cold regions. 

The Stirling engine is a closed cycle de­
vice. Internal combustion engines are an open 
cycle device. The incoming fuel is expanded 
by combustion and is exhausted. The hot and 
cold regions of the engine are separated by a 
transition zone or regenerator region that re­
duces thermal energy losses. The Stirling 
engine can operate at a higher efficiency than 
internal combustion (IC) engines. The com­
bustion of fuel takes place in an external 
heater. The exhaust gas is cleaner than IC en­
gines, particularly NOx. 

Stirling engine heat pump development 
has been conducted by several companies 
such as Mechanical Technology Inc. (MTI), Sun 
Power, and Stirling Power. Demonstration units 
have been built and show excellent results on 
emission and efficiency. However, the cost of 
Stirling engines is considerably higher than IC 
engines. Main R&D efforts are focused on ma­
terials so that engine cost can be reduced. 

IC engine heat pumps have been mar­
keted in Japan for about five years. In the 
U.S. , the York 3-ton gas engine heat pump is 
ready for market evaluation. Fifty units will 
be sold and installed by York distributors na­
tionally: The target for installed cost is $6,500 
which is equivalent to high efficiency variable 
speed heat pumps. The full commercializa­
tion of the gas-engine heat pump will be in 
late 1 994 .  I t  i s  expected that the installed 
cost of high-efficiency electric heat pumps 
will be down to about $5,500 by 1 994 .  The 
cost of the gas-engine heat pump must be re­
duced to meet competition. 

Desiccant Cooling Systems: The desiccant 
cooling system operates by reducing air hu­
midity by desiccant materials such as silica 
gels. The moisture in the desiccant material is 
removed by heating with the heated air. The 
dried air goes through a evaporative cooler to 
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reduce the air temperature. Desiccant systems 
are utilized at super market to reduce air hu­
midity and thereby reducing the frosting of 
freezing devices. By humidifying the air, the air 
temperature can be maintained at a comfort­
able level without creating frost. The desiccant 
system can reduce air conditioning operating 
costs and can provide comfort to customers. 

Cogenezation Systems and Fuel Cells: Cogen­
eration systems and fuel cells can provide elec­
trical power and thermal energy in the form of 
hot water or steam. Cogeneration systems uti­
lize natural gas-driven IC engines and gas tur­
bines to drive an electric generator. The ther­
mal energy recovered from the engine cooling 
system and the engine exhaust gas is used to 
produce hot water or steam. The exhaust gas 
from a gas turbine is often used to run direct­
fired gas absorption chillers. 

Smaller cogeneration systems are de­
signed for thermal demand. Thermal demand 
drops to a preset level, the cogeneration sys­
tem is turned off, and the utility power is used. 
The preset level is determined by economic 
conditions. The economy of cogeneration sys­
tems depends on the installed-cost of a cogen­
eration system and local electric rates. 

In fuel cell devices, the chemical reaction 
of hydrogen and oxygen within an electrolyte 
creates electricity and water. Chemical reaction 
also produces heat which is recovered in terms 
of hot water or steam. Hydrogen is derived 
from methane and oxygen is taken from the air. 

Fuel cell devices are classified by type of 
electrolyte used. Phosphoric acid fuel cell op­
erates at a lower temperature in a range of 1 80-
2500F. The 200 kw phosphoric fuel cell is 
available commercially from International Fuel 
Cell Corporation (IFC) . So far only 55 units 
have been sold at a cost of $500,000 per unit. 

Condensing Furnace: If a gas furnace oper­
ates under a -condition such as when the ex­
haust gas temperature is the same as the room 
delivery temperature, the efficiency of a gas 
furnace is 1 00 percent. It is impossible to op­
erate a gas furnace under such condition. Heat 
cannot be transferred if the temperature of two 
mediums is the same. The highest efficiency 
that can be obtained is when the flue gas tem­
perature is reduced to about 1 40 degrees at 
which time the moisture in the flue gas is con­
densed and latent heat is recovered. The 



efficiency of a condensed gas furnace is be­
tween 94 and 97 percent . 

Since the flue gas temperature is about 
140oF, PVC pipe can be used for venting. If a 
power-vented water heater is also used, a house 
can be built without a chimney: The current Na­
tional Appliance Conservation Act (NAECA) al­
lows users to use mid-efficiency and condensing 
gas furnaces only�xcept for the Lennox Whis­
perheat gas furnace. It is possible that the sec­
ond cycle of the NAECA standard for gas fur­
naces (which will be decided in 1 994) may 
eliminate mid-efficiency gas furnaces. 

· Two-psig Systems and Corrugated Stainless 
Steel Tubing (CSST): The 2-psig gas pressure 
allows the use of much smaller gas tubing to 
carry the same volume of gas. The use of 
smaller diameter semi-ridged copper tubing 
or CSST can reduce installation-time and in 
many cases the installed-cost . The CSST was 
adopted by the National Fire Protection Associ­
ation (NFPA) and accepted by many national 
code organizations such as Building Officials & 
Code Administrators International , Inc . 
(BOCA) . More than two-thirds of the country 
allow the use of CSST. 

Boiler Use in High-Rise Buildings: The distri­
bution of hot water or steam is more efficient 
when compared to the forced-air system for a 
high-rise building. If the heat delivery to each 
tenant is measured individually; a BTU meter 
must be utilized. The accuracy of a BTU meter 
can be off by as much as ten percent. It is nec­
essary to develop more efficient and low-cost 
BTU meters .  GRI is funding a BTU meter 
development project. 

Gas Cooling Equipment Manufacturers: 

Absorption Systems Direct Expansion 

American Yazaki. 
Corp. 

Carrier Corporation 

Snyder General Co. 

The 'Irane Company 

York International Co. 

Thermo King 
Corp. 

ADVANCES IN RESTAURANT 
EQUIPMENT 

Lang Clamshell Griddle Base with Gas Broiler 
Hood: This unit cooks from both sides by in-

corporating a griddle with an infrared hood. 
The hood's 35,000 BTU infrared burner, heats 
up to 1 ,600 degrees automatically when low­
ered .  A Clamshell griddle c an increase 
kitchen productivity per square foot of floor 
space; a 3 foot clamshell unit has the same 
production capabilities as a 5 foot griddle or 
broiler. The Clamshell is available in 2-3-4 
foot configurations with or without grooved 
surfaces. 

Bakbar Appliances G3Z Countertop IR Con­
vection Oven: The first countertop unit to use a 
gas infrared burner, it has a patented tube-ray 
infrared burner system rated at 33,000 BTUs 
per hour. The air, which is drawn from under 
the cabinet, is pre- heated and passed into the 
infrared combustion chamber. From there it is 
ducted to the rear of the oven-side fan and cir­
culated into the oven. The oven is designed 
with "swirl" barrel shaped walls and rounded 
corners that slow the air flow for more even 
baking capability: This unit is currently under­
going AGA laboratory certification and should 
be available this summer. 

WoU Range IR jet Burner: This infrared range­
top burner improves fuel use efficiently nearly 
50 percent and reduces kitchen heat gain. The 
burner produces instant heat and requires only 
1 4 ,500 BTUs per hour versus that of a standard 
20,000 BTU range burner. The burner is cur­
rently in field test and product introduction is 
anticipated in the falVwinter 1 992 .  

Wolf Range Two-Sided Cooker: A double­
sided griddle which offers high production ca­
pabilities, juicier and tastier product , also re­
duces product shrinkage . This unit is being 
tested in selected western markets. 

Maxi-Grill Double-Sided Cooking Appliance: 
This high volume output revolving grill with a 
canopy infra-red broiling unit mounted above 
can produce up to 1 ,400 patties per hour by 
cooking both sides of food product simultane­
ously. This unit was designed for fast food op-
erations. 

· 

Vanguard 'Iechnology Booster Water Heater: 
This gas booster water heater supplies 1 85 de­
gree sanitizing rinse water for warewashing 
( 1 25 ,000 and 250 ,000 BTU packages) . This 
pre-assembled:system is space-saving, modu­
lar and easy to install. It can be located up to 
50 feet away from the dishwashing area. 
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Cleveland Range KGL-40 Steam jacketed Ket­
tle: Kettle uses high-efficiency (62 percent) 
burner heating system for fast heat-up and re­
covery. It delivers consistent temperatures due 
to automatic ignition system and solid state con­
trols. This unit is available in 40 to 80 gallons 
with rating from 1 40,000- 1 90,000 BTUs per hour. 

Cleveland Combicraft Combination Convec­
tion Steamer/Oven: Steamer/oven offers pres­
sureless cooking in a variety of  models . 
There's hot air convection, hot air convection 
with water injection for high moisture, convec­
tion steam and low temperature convection 
steam and combination cooking mode combin­
ing convected hot air and steam for faster cook 
time and juicy product . Unit offers "cook 'n 
hold" and a programmable memory. 

Pitco Techn ofry 1 RPB 1 4  (Ra diant Power 
Burner) High Efficiency Fryer: System offers 2 
metal fiber radiant power burners for high pro­
duction, each rated at 40 ,000 BTUs per hour. 
Unit recirculates hot combustion gases around 
the side and front of the tank for greater heat 
transfer to the shortening. Use of power burn­
ers and design greatly reduces recovery time 
between loads. Positive cooling zone traps 
burnt particles, crumbs, and other particles 
which prevents shortening breakdown and 
taste transfer. 

Smokeless Broiler: The design of this unit in­
corporates a trickle of  water which flows 
across the base or "grease" pan. The trickle 
maintains the pans temperature between 1 30 
and 1 50 degrees which prevents baked on 
product and grease flare-ups. Less airborne 
particles decreases maintenance on the venti­
lation system. 

Groen Hypersteam Dual Compartment/Dual 
Generator Steamer: The steamer features Hy­
Perduction for high performance and reliability 
and has two atmospheric steam generators 
(rated 45 ,000 BTU per hour) , one for each 3-
pan cavity. The system offers speedy start-up, 
a deliming indicator and automatic boiler 
blow-down for reduced sediment buildup. 

Groen Combo Combina tion Convection 
Oven/Steamer: The combo bakes ,  roasts , 
steams, broils and more in a variety of cooking 
modes. Cooking times are reduced consider­
ably. It uses a tube-fired heat exchanger that 
delivers 1 0 ,000 BTUs per hour per pan. It 
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takes less energy to pre-heat ,  idle, and cook 
full loads. Available in half and full sizes. 

Garland Power Burner Range: This range of­
fers two power burners and two atmospheric 
burners. Each burner is rated at 20,000 BTUs. 
The Power Burner pre-mixes air and gas in a 
forced combustion process that delivers high 
intensity heat. The range is excellent for saute­
ing or boiling stock quickly. 

Thermo King 1 5-'lbn Cooling Unit: This split 
coil 1 5-ton DX gas air conditioner is excellent 
for fast food operation retrofits requiring 
smaller tonnage and where heating and air 
handler components are located elsewhere. 
1 5-ton packaged unitary systems are also 
available. 

Raypak Bo oster Water Hea ter: This gas 
booster water heater, featured in the AGA 
booth, fits neatly under the counter and is a 
perfect replacement size for a 40 kwh electric 
booster heater. This unit provides instant hot 
water on demand for warewashing needs; of­
fers an energy efficiency of 80 percent , 1 30,000 
BTU per hour input power burner and low op­
erating cost .  Venting may be into the steam 
hood,  through-the-wall or directly into the 
kitchen (pending code) . 

Also displayed on a panel was a medley of 
auxiliary equipment such as gas lights ,  fire­
place logs and other pieces of equipment that 
can be used to enhance the ambiance in 
restaurants. 

Franklin Products 6113 Convection Oven: The 
manufacturer states that this unit is unique in 
that its interior space can accommodate six 
racks of product in 1 3  positions without using 
additional floor space making it a more pro­
ductive unit than the standard convection ovens 
on the market . The deep cavity adds to the 
volume of product able to be produced. Solid 
state controls and 40,000 BTU input . 

Keating of Chicago remains successful with 
their pasta cooker and just recently introduced 
a double-sided gas griddle with an electric 
top. There are no announced plans to offer a 
gas top for this unit. Keating's new high effi­
ciency gas fryer was featured at their booth al­
though it is only in development stages. This 
fryer will use two ceramic fiber burners (each 
rated at 45 ,000 BTUs) developed by Solaronics. 



ACRONYMS 

ACE adjusted current earnings CERCLA Comprehensive Envlromnental 

AFUE Average Fuel Utilization Response, Compensation 

Efficiency and Liability Act of 1 980 

AGA American Gas Association CERI Canadian Energy Research 
Institute 

AGCC American Gas Cooling Center 

AGS Alberta Geological Society 
CFC chlorofluorocarbons 

AMT Alternative Minimum 'lax CLEV California Low Emission 
Vehicle Regulations 

ANGTS Alaskan Natural Gas 
CNG compressed natural gas 

'fransportation System 

ANWR Arctic National Wildlife Refuge 
CNR Columbia Natural Resources 

API American Petroleum Institute C02 carbon dioxide 

ATEPD Alternative 'lax Energy COPAS Council of Petroleum 
Preference Deductions Accounting Societies 

BCF billion cubic feet CWA Clean Water Act of 1 977  

BCFID billion cubic feet per day 

BCM billion cubic meters D&C drilling and completion (costs) 

BID barrels per day DCF Discounted Cash Flow 

BLM Bureau of Land Management DFI Decision Focus Inc. 

BOE barrels of oil equivalent DOE U.S. Department of Energy 
BTU British thermal units 

DOI U.S. Department of the Interior 

CAA Clean Air Act of 1 967 DRI Data Resources Incorporated 

CAAA Clean Air Act Amendments of 1 990 DSM Demand Side Management 
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E&P exploration and production me Intangible Drilling Costs 
(costs) lEA International Energy Agency 

EEA Energy and Environmental IGTCC Industrial Gas Technology 
Analysis, Incorporated Commercialization Center 

EEl Edison Electric Institute 
INGAA Interstate Natural Gas 

EIA Energy Information �sociation of�erica 
Administration 

IOGCC Interstate Oil and Gas 
EMF Electric and Magnetic Field Compact Commission 

EOR enhanced oil recovery IPAA Independent Petroleum 

EPA Environmental Protection �sociation of �erica 

Agency IPP independent power producer 
EPACT Energy Policy Act of 1 992 IRP integrated resource planning 
EPRI Electric Power Research 

Institute 
JAS Joint mociation Survey 

ERCB Alberta Energy Resources 
Conservation Board 

KW kilowatts 
ERM Enhanced Recovery Module 

KWH kilowatt hours of the Hydrocarbon Model 

EUR estimated ultimate recovery 

LAER lowest achievable emission 

PERC Federal Energy Regulatory 
rate (controls) 

Commission LCP least cost planning 

FPC Federal Power Commission LDC local distribution company 

FRB Federal Reserves Boards' Index LNG liquefied natural gas 

Index of 'Ibtal Industrial Production LPG liquefied petroleum gas 

G&G geological and geophysical MAFLA Mississippi, Alabama; Florida 
(expenditures) onshore 

GAT!' General Agreement on Tariffs MCF thousand cubic feet 
and 'n:ade 

thousand cubic feet per day MCF/D 
GEMS Generalized Equilbrium 

Modeling System MECS Manufacturing Energy 

GRI Gas Research Institute 
Consumption Survey 

MMBTU million British thermal units 

HDD heating degree days 
MMCF million cubic feet 

HSM Hydrocarbon Supply Model 
MMCF/D million cubic feet per day 

MMS Minerals Management 
HVAC Heating, Ventilating, and Air Service, Department of 

Conditioning Interior 
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MOPPS Market Oriented Program NMS National Marine Sanctuary 

(I &II) Planning Study Program 

MPRSA Marine Protection, Research NORM natmally occmring 

and Sanctuaries Act, 1 972 radioactive material 

MW megawatts NOx nitrogen oxides 

MWH megawatt hours NPC National Petroleum Council 

NPDFS National Pollutant Discharge 

NAAQS National Ambient Air Quality Elimination System 

Standards National Regulatory Research 

NAECA National Appliance Energy Institute 

Conservation Act NUG non-utility generator 

NAF'TA North American Free 'Irade NY GAS New York State Gas Association 

Agreement . 

NARG North American Regional Gas 
O&M operating and maintenance 

Model 
(expenses) 

ocs Outer Continental Shelf 
NARUC National Association of 

Regulatory Utility OGIFF Oil and Gas Integrated Field 

Commissioners 
File 

OPA Oil Pollution Act of 1 990 
NEB National Energy Board of 

Canada OPEC Organization of Petroleum 
Exporting Countries 

NEPA National Environmental Policy 

Act of 1 969 
PEMEX Petroleos Mexicanos, national 

NEPOOL New England Power Pool oil company of Mexico 

NERC North American Electric PGC Potential Gas Committee of 

Reliability Council the Colorado School of Mines 

NES National Energy Strategy 
PIFUA Powerplant and Industrial Fuel 

Use Act of 1 978 

NGA Natmal Gas Act of 1 938 PMA Federal Power Marketing 

NGL natural gas liquids Agencies 

NGPA Natmal Gas Policy Act of 1 978 
PSC Public Service Commission 

PUC Public Utility Commission 
NGSA Natmal Gas Supply Association 

PUCHA Public Utilities Holding 

NGV Natmal Gas Vehicle Company Act 

NGVC Natmal Gas Vehicle Coalition 
QBTU quadrillion British thermal units 

NGWDA Natmal Gas Wellhead 

Decontrol Act of 1 989 
RACC Refiners Acquisition Cost of 

NIMBY Not In My Back Yard Crude Oil 
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RCRA Resource Conservation and S02 sulfur dioxide 
Recovery Act of 1 976 

SOx sulfur oxides 
R&D research and development 

SPP small power producer 
RD&D research, development, and 

demonstration 

RECS Residential Energy 
TAGS '!Tans-Alaska Gas System 

Consumption Survey TAPS 'fians-Alaska �peline System 

ROR rate of return TBTU trillion British thermal units 

TCF trillion cubic feet 

SARA Superfund Amendments and TRC Thxas Railroad Commission 
Reauthorization Act of 1 986 TSCA 'Ibxic Substance Control Act 

SCF standard cubic feet of l 976 

SDWA Safe Drinking Water Act of 1984 

SEC Securities and Exchange 
UDI Utility Data Institute 

Commission UIC Underground Injection 

SEDS State Energy Data System 
Control program 

SFV straight fixed variable 
USGS United States Geological Survey 

SIC Standard Industrial voc volatile organic compounds Classification 

SIP State Implementation Plan 

SMP special marketing program 
WCSB Western Canada Sedimentary 

Basin 
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ABANDONMENT 
When an interstate pipeline closes facili­
ties, stops transporting gas in interstate 
commerce, or stops sales of gas for resale 
with permission of the Federal Energy 
Regulatory Commission. 

.A.I.Asn NATUIUlL GAS Transportation 
(ANGTS) 

A proposed pipeline to transport gas from 
Prudhoe Bay, Alaska , to  the lower-48 
states. Portions of the line were ' 'prebuilt' ' 
prior to the flow of Alaskan gas, with the 
rest of the system awaiting sponsors and 
economically viable gas prices. 

ALLowABLE 

The maximum amount of gas a specific 
field, lease, or well is permitted to produce. 

ALTERNATIVE MINIMUM T.o: (.AMT) 

Under the Tax Reform Act of 1 986 the 
minimum tax was reformulated as the 
.AMT and expanded to the point where it 
became the de facto corporate income 
tax for many capital-intensive frrms. The 
AMT is imposed at 20 percent rate (24 
percent non-corporate) on a broader in­
come than that used for regular income 
tax, and the taxpayer pays the higher of 
the two taxes. 

.AMERICllN GAS AssOCIATION (.AG.A) 

The gas utility industry trade association. 

JlNTRIM SIIJILE 

The Antrim shale is a formation of primarily 
Devonian age located in the Michigan Basin. 

AssOCIATED DISSOLVED GAS 

The combined volume of natural gas that 
occurs in crude oil reservoirs either as 
free gas (associated) or as gas in solution 
with crude oil (dissolved) . 

B.&eK IIAUL 

A contractual form of natural gas trans­
portation service, where natural gas is de­
livered to the shipper at a point on the 
pipeline system which is upstream of the 
point where gas is received into the sys­
tem. Contractually, the natural gas is 
transported against the direction of natural 
gas flowing in the pipeline system. In 
most cases this type of service can be 
provided without the need to construct 
new facilities, and in operation may actu­
ally reduce the variable costs (fuel) in­
curred by the pipeline to provide trans­
portation service. It also has the effect of 
increasing the effective capacity of the 
pipeline system. 

BASE GAS 

(See Cushion Gas.) 

BASE LoAD GENERATING UNIT 

Those generating units at electric utili­
ties that are normally operated to meet 
electricity demand on a round-the-clock 
basis. 
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B.ISE R&TE 

That portion of the total electric rate which 
covers the general costs of doing business 
unrelated to fuel expenses. 

BCF 

Billion Cubic Feet . A volumetric unit of 
measurement for natural gas. 

BI.JUfKET CEilTIFICATE (.AUTBOIUTI') 

Permission granted by the Federal Energy 
Regulatory Commission (PERC) for a cer­
tificate holder to engage in an activity 
(such as trangportation service or sales) 
on a self-implementing or prior-notice ba­
sis, as appropriate, without case-by-case 
approval from the PERC. 

BRITISJI TBEDuL 'Uim (BTU) 
A standard unit for measuring the quan­
tity of heat required to raise the tempera­
ture of 1 pound of water by 1 degree 
Fahrenheit at o r  n e ar 3 9 . 2  degrees 
Fahrenheit. 

CAPACITY BB.OBEIUNG 

A process where an existing natural gas 
shipper sells or leases its contractual ca­
pacity rights to transport natural gas on a 
pipeline to someone else. 

CEB.T111CI.TED CAPACITY 
The maximum volume of gas that may be 
stored in an underground storage facility 
certificated by the Federal Energy Regula­
tory Commission or its predecessor, the 
Federal Power Commission. Absent a 
certificate, a reservoir's present devel­
oped operating capacity is considered to 
be its "certified" capacity. 

CEilTIFICATES OF PuBLIC CORVEl'OENCE DD 
NECESSITY 

Certificates required under the Natural 
G as Act and issue d by the Fe deral 
Power Commission/Federal Energy Reg­
ulatory Commission prior to construc­
tion or exp ansion o f  an int erst at e 
pipeline; after the pipeline showed the 
existence of market demand and atten­
dant gas supply. 
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CIIIUSTIDS TREE 
The valves and fittings installed at the top 
of a gas well to control and direct the flow 
of well liquids. 

CITYGDE 
A point or measuring station at which a 
gas distribution company receives gas 
from a pipeline company or transmission 
system. 

CITYG&'l'E SJILEs SERviCE 
Interstate pipeline natural gas sales ser­
vice where the title to gas sold changes at 
the pipeline's interconnection with the 
purchasing local distribution company. 

CoiL GliSIFICD'IOR 

The process of placing coal steam and 
oxygen under pressure to produce gas. 

CoFDURG (BEBVDIRG) 

The process of burning natural gas in con­
junction with another fuel to reduce air 
pollutants and/or take advantage of lowest 
available fuel prices. 

COGEKEIUlTIOR 

The sequential production of electricity 
and another form of useful thermal energy 
such as heat or steam and used for indus­
trial, commemial heating or cooling pur­
poses. There are basically three types; 
boiler steam turbine, combustion turbine 
with waste heat recovery steam generator, 
and combined cycle. 

CoKE OvER Gu 

The gaseous portion of volatile substance 
driven off in the coking process after other 
coal chemicals are removed. 

COMBUIED CYcLE 

An electric generating technology in 
which electricity is produced from other­
wise lost waste heat exiting from one or 
more gas (combustion) turbines. The ex­
iting heat is routed to a conventional boiler 
or to a heat recovery steam generator for 
utilization by a steam turbine in the pro­
duction of electricity. This process in­
creases the efficiency of the electric gen­
erating unit. 



CoMMERCliL CoNSUMPTION 

Gas consumed by nonmanufacturing es­
tablishments or agencies primarily en­
gaged in the sale of goods or services. 
Included are such establishments as ho­
tels, restaurants ,  wholesale and retail 
stores, and other service enterprises; gas 
consumed by establishments engaged in 
agriculture, forestry. and fishers; and gas 
consumed by local, state ,  and federal 
agencies engaged in nonmanufacturing 
activities. 

CONVENTIONAL REsOURCES 

Resources included in this category are 
crude oil, natural gas, and natural gas liq­
uids that exist in reservoirs in a fluid state 
amenable to extraction employed in tradi­
tional development practices. They occur 
as discrete accumulations. They do not in­
clude resources occurring within ex­
tremely viscous and intractable heavy oil 
deposits, tar deposits, oil shales, coalbed 
gas , gas in geopressured shales and 
brines, or gas hydrates. Gas from low­
permeability "tight" sandstone and frac­
tured shale reservoirs having in situ per­
meability to gas of less than 0. 1 millidarcy 
are not included as conventional re­
sources. 

Cos'P-OF-SERVICE RATES 

A method of rate making used by utilities 
under which the original cost of facilities 
are depreciated for an expected life, and 
the annual costs and the operating and 
maintenance costs are allocated to each 
service offered according to a test year 
and projected volumes. 

Caoss SUBSIDIES 

Subsidies among customers or customer 
classes so that one group carries a dis­
proportionate share of the costs of provid­
ing service. 

CURTJULMEN'fS 
The rationing of natural gas supplies to an 
end user when gas is in short supply. or 
when demand for service exceeds a 
pipeline's capacity. usually to an industrial 
user and/or power generator. 

CUSHION GJlS 

The volume of gas, including native gas, 
that must remain in the storage field to 
maintain adequate reservoir pressure and 
deliverability rates throughout the with­
drawal season. 

CYCLING 

The process of injecting or withdrawing a 
percentage or all of a reservoir's working 
gas capacity during a particular season. 

CYCLING UNIT {INTERMEDIATE UNIT) 

Units that operate with rapid load 
changes,  frequent starts and stops, but 
generally at somewhat lower efficiencies 
and higher operating costs than base load 
plants. These units are generally either 
former base load units regulated to cy­
cling units, or newly built units of a lower 
megawatt rating which require less capital 
investment per unit of output than required 
for base load units. 

DECATBERM 

Ten therms, or 1 ,000,000 BTU. 

DEEP GAS DEPOSITS 

Deposits of gas below 1 5 ,000 feet, where 
the porosity and permeability are reduced 
by the deeply buried sediments. 

DELIVEilABILITI' 

The rate at which gas can be withdrawn 
from an underground reservoir. Actual 
rates depend on rock characteristics, 
reservoir pressure, and facilities such as 
wells, pipelines, and compressors. 

DELIVERED 

The physical transfer of natural, synthetic, 
and/or supplemental gas from facilities 
operated by the responding company to 
facilities operated by others or to con­
sumers. 

DEMAND CBJUtGE 

A charge levied in a contract between a 
pipeline and local distribution company, 
electric generator, or industrial user for 
firm gas pipeline transportation service. 
The demand charge must be paid 
whether or not gas is used up to the vol­
ume covered by the charge. 
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DEMAND SIDE M.llm.GEMENT 

Programs designed to encourage cus­
tomers to use less natural gas or other 
fuels or less electricity and to use it more 
efficiently (i.e. , conservation) or to reduce 
peak demand (i.e. , load management) . 

DESIGN DAY CAPACITY 

The volume of natural gas that a pipeline 
facility is designed to transport during one 
day; given the assumptions used in the de­
sign process, such as pressures, pipeline 
efficiency; and peak hourly rates. 

DESIGN DAY DELIVEIUlBILITY' 

The rate of delivery at which a storage fa­
cility is designed to be used when storage 
volumes are at their maximum levels. 

DEVELOPED 0PEIUlTING CAPACITY' 

That portion of operating capacity which 
is currently available for storage use. 

DEVONUif SBALE 

Airf body of shale (a fine-grained, detrital, 
sedimentary rock with a finely laminated 
structure) formed from the compaction of 
clays and/or silts and/or middays that 
were deposited during the Devonian pe­
riod of the Paleozoic era, from approxi­
mately 400 million to approximately 345 
million years before the present. 

DISPLACEMENT 

A method of natural gas transportation/de­
livery that is similar to a back haul (see 
above) . In a displacement service, natural 
gas is received by a pipeline at one point 
and delivers equivalent volumes at an­
other point, without necessarily transport­
ing the natural gas in a line between the 
two points. Displacement service may 
contain elements of forward haul, back 
haul, and displacement to effect delivery. 

DRY NATUIUlL GAS PRoDUCTION 

Marketed production less extraction loss. 

ELECTRIC GENEU'l'ORS 

Establishments that generate electricity. 
These include traditional electric utilities; 
independent power producers; and com­
mercial and industrial establishments that 
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generate electricity for their own use, of­
ten using cogeneration facilities, and 
which may sell some of the electricity to 
an electric utility for resale. In the NPC re­
port , commercial and industrial genera­
tors of electricity are included in the com­
mercial and industrial sectors and all other 
generators are dealt with under "electric 
generation." 

ELECTRIC 'UTILrriEs 

Establishments primarily engaged in the 
generation, transmission, and/or distribu­
tion of electricity for sale or resale. 

ELECTIUC UTILITY' CONSUMPTION 

Gas used as fuel in electric utility plants. 

Elm-USE SEC'l'OR MODELS 

Energy and Environmental Analysis, Inc. 's 
process-engineering models used in the 
NPC Gas Study and include the Residen­
tial, Commercial, Industrial, and Electric 
Utility Demand Models. 

END USER 
Anyone who purchases and consumes 
natural gas. 

ENERGY OvERVIEW MODEL 

Energy and Environmental Analysis, Inc.'s 
forecasting model, which simulates the 
natural gas supply/demand balance 
through the use of 3 sets of model compo­
nents (End-Use Sector Models , the 
Pipeline Model , and the Hydrocarbon 
Supply Model) and used in the NPC Gas 
Study. 

ExCBJllfGE 

A method of natural gas transportation/de­
livery among two (or more) p arties .  
Where one party has a natural gas supply 
at one point, convenient to one pipeline 
system, and another party has gas at an­
other point, convenient to another pipeline 
system, a swap is arranged .  The two 
pipelines do not necessarily have to inter­
connect. Essential to the concept is that 
both parties receive mutual benefits. Ex­
change agreements usually contain some 
form of balancing mechanism requiring 
either the delivery of natural gas, in kind, 
or payment. 



ExPoRTS 

Natural gas deliveries from the continental 
United States and Alaska to foreign coun­
tries. 

ExTERNALITY 
A side effect that can create benefits or 
costs in a transaction and which fall upon 
those not directly involved in, or who are 
external to, the transaction. 

ExTJulC'l'ION Loss 
The reduction in volume of natural gas 
due to the removal of natural gas liquid 
constituents such as ethane , propane , 
and butane at natural gas processing 
plants. 

FEDERAL POWER COMMISSION (FPC) 

The predecessor agency of the FERC, 
which was created by Congress in 1 920 
and was charged with regulating the in­
terstate electric power and natural gas 
industries. 

FEDERAL ENERGY REGULATORY COMMISSION 
(FERC) 

A quasi-independent regulatory agency 
within the Department of Energy having 
jurisdiction over interstate electricity 
sales, wholesale electric rates, hydroelec­
tric licensing, natural gas pricing, oil 
pipeline rates, and gas pipeline certifica­
tion. Five members are appointed by the 
President of the United States and, upon 
confirmation by the Senate, serve fixed 
terms. This independent agency is ad­
ministered by the Chairman of the five­
person commission. No more than three 
of the five members may belong to the 
President's political party. 

FERC ORDER 436 

An order issued October 9, 1 985, by the 
PERC, which created a voluntary blanket 
certificate transportation program. Under 
this program, participating pipelin�s were 
authorized to provide firm and interrupt­
ible transportation to any willing shipper 
without prior case-specific PERC approval. 
Pipelines providing this service are re­
quired to serve on a non-discriminatory 
basis any shipper willing to meet the 

terms and conditions of the pipeline's tariff. 
Participating pipelines were also subject to 
a requirement that they allow existing firm 
sales customers to convert their sales ser­
vice to firm transportation service. 

FERC ORDER 45 1 

Order 45 1 was issued in 1 986 and elimi­
nated old gas "vintaging" pricing, which 
was based on the date of first production 
of the gas reserves . The Order estab­
lished a new ceiling price for all vintages 
of old gas , which a pipeline purchaser 
could purchase or release under a proce­
dure called "good faith negotiations: ·  

FERC ORDER 500 

In Associated Gas Distributors vs. PERC, 
Order 436 was remanded back to PERC. 
In response , FERC issued Order 500 in 
August 1 987 , which restated Order 436 
with two major changes: elimination of the 
customer contract demand reduction op­
tion, and creation of a take-or-pay credit­
ing mechanism. This mechanism was de­
signed to affect take-or-pay obligations of 
interstate pipelines caused by Order 436 
transportation. 

FERC ORDER 490 

Order 490 was issued in 1 988 and estab­
lished an expedited abandonment proce­
dure for gas under expired or terminated 
contracts. 

FERC ORDER 636 (SEE ALSO UNBUNDLING) 

An order issued April 8 ,  1 99 2 ,  by the 
PERC, requiring open-access interstate 
pipeline companies to unbundle their 
transportation delivery services from their 
natural gas sales services. Order 636 also 
required other changes designed to en­
hance the access to gas supplies, no mat­
ter who owned or sold them, on an equal 
basis. 

FIELD 

A single pool or multiple pools of hydro­
carbons grouped on, or related to, a sin­
gle structUral or stratigraphic feature. 

FINDING RATE 

Some measure o f  " added proved re­
serves" divided by some measure of ei­
ther time or the physical or investment 
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effort  exp ended t o  generate them . 
There are many different specific formu­
lations in use. 

FIRM GAS 

Gas sold on a continuous and generally 
long-term contract. 

FIRM SERVICE 

Service offered to customers (regardless 
of class of service) under schedules or 
contracts that anticipate no interruptions. 
The period of service may be for only a 
specified part of the year as in off-peak 
service. Certain firm service contracts 
may contain clauses that permit unex­
pected interruption in case the supply to 
residential customers is threatened during 
an emergency. 

I"LKRED 

Natural gas burned in flares at the base 
site or a gas-processing plants. 

Flulc'ruluNG 

Improvement of the flow continuity be­
tween gas-bearing reservoir rock and the 
wellbore by erecting fractures which ex­
tend the distances into the reservoir. 

FuEL CELLS 

A fuel cell, configured like a battery, com­
bines natural gas and oxygen in an elec­
trochemical reaction that produces elec­
tricity, heat, and water (often in the form of 
steam). 

GAS BUBBLE 

Surplus gas deliverability at the wellhead. 

GAS CormENSATE 'WELL 
A gas well producing from a gas reservoir 
containing considerable quantities of liq­
uid hydrocarbons in the pentane and 
heavier range, generally described as 
"condensate: ' 

GAS 'WELL 
A gas well completed for the production 
of natural gas from one or more gas zones 
or reservoirs. 
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GJLTBEJUNG SYSTEM 
Facilities constructed and operated to re­
ceive natural gas from the wellhead and 
transport, process, compress, and deliver 
that gas to a pipeline, LDC, or end user. 
The construction and operation of gather­
ing systems is not a federally regulated 
business, and in some states is not regu­
lated by the state. 

GENEIUl"l''RG UNIT 

Any combination of physically connected 
generator(s) , reactor(s) , boiler(s) , com­
bustion turbine (s) , or other prime 
mover(s) operated together to produce 
electric power. 

GENEIULTION (ELECTBICJTY) 
The process of producing electric energy 
by transforming other forms of energy; 
also, the amount of electric energy pro­
duced, expressed in watthours (WH). 

GENEIUL'l'Oll 

A machine that converts mechanical en­
ergy into electrical energy: 

GENEIUl'l'Oll NAMEPLI.TE C.IPJLCITY' 
The full-load continuous rating of a gener­
ator, prime mover, or other electric power 
production equipment under specific con­
ditions as designated by the manufacturer. 
Installed generator nameplate rating is 
usually indicated on a nameplate physi­
cally attached to the generator. 

GREENnELD 

A "new" site for the construction of an 
electric generation plant; in other words, a 
location that did not previously have a 
generation unit. 

GBEENBOUSE EITECT 
The increasing mean global surface tem­
perature of the earth caused by gases in 
the atmosphere (including carbon diox­
ide, methane, nitrous oxide, ozone, and 
chlorofluorocarbon) . The greenhouse ef­
fect allows solar radiation to penetrate but 
absorbs the infrared radiation returning to 
space. 



GRID-TYPE SYSTEM 

This term describes a natural gas pipeline 
company that operates facilities which 
physically interconnect at numerous points 
within its service area. Typically such a 
system receives gas from a variety of 
sources from both ends of its system and 
is characterized by gas flows which are 
difficult to trace in a linear fashion. 

Gaoss WITBDIUI.WJU.S 

Full well-stream volume, including all nat­
ural gas plant liquids and all nonhydro­
carbons gases, but excluding lease con­
densate. 

IIEJI.TJNG VALUE 

HUB 

The average number of British thermal 
units per cubic foot of natural gas as de­
termined from tests of fuel samples. 

A hub is a location where gas sellers and 
gas purchasers can arrange transactions. 
The location of the hub can be anywhere 
multiple supplies , pipelines ,  or pur­
chasers interconnect . "Market centers" 
are hubs located near central market ar­
eas. "Pooling points" are hubs located 
near center supply production areas . 
Physical hubs are found at processing 
plants, offshore platforms, pipeline inter­
connects,  and storage fields. "Paper" 
hubs may be located anywhere parties 
arrange title transfers (changes in owner­
ship) of natural gas. 

HYDIUI.TES 

Gas hydrates are physical combinations of 
gas and water in which the gas .molecules 
fit into a crystalline structure similar to that 
of ice . Gas hydrates are considered a 
speculative source of gas. 

HYDROCARBON SUPPLY MODEL 

Energy and Environmental Analysis, Inc:s 
model of the U.S. and Canada's potential 
recoverable resource base. This model 
seeks to show the impact of technological 
advancements and exploratory and devel­
opment drilling activity and was used in 
the NPC Gas Study. 

IMPoll'l'S 
Gas receipts into the United States from a 
foreign country. 

IN-PLI.CE G.IS REsoUllCE 

The total in-place gas is the summation of 
gas already produced, the technically re­
coverable resource, and the remaining in­
place resource. 

INCENTIVE RI:GULI.TION 

An alternative to, or modification of, cost 
of service regulation, which is used in 
markets that lack sufficient competition 
(examples include price caps,  zone of 
reasonableness, bounded rates, sharing 
of efficiency gains, and incentive rates of 
return) . 

INDEPENDENT POWER PRODUCEBS (IPPs) 

Wholesale electricity producers that are 
unaffiliated with franchised utilities in their 
area. IPPs do not possess transmission fa­
cilities and do not sell power in any retail 
service territory. 

INDUSTIWIL CoNSUMPTION 

Natural gas consumed by manufacturing 
and mining establishments for heat ,  
power, and chemical feedstock. 

INDUSTIWIL CoNSUMERS 

Establishments engaged in a process that 
creates or changes raw or unfinished ma­
terials into another form or product. Gen­
eration of electricity; other than by electric 
utilities is included. 

INTEGIUI.TED REsOUllCE PLI.N (IRP) 
A plan or process used by utilities to eval­
uate both supply-side and demand-side 
measures when seeking to prepare for 
meeting future energy needs and to do so 
at lowest total costs. ("Least cost" or "best 
cost" planning is sometimes used synony­
mously with integrated resource plan­
ning.) 

INTERMEDIATE LoAD (ELECTRIC SYSTEM) 

The range from base load to a point be­
tween base load and peak.  This point 
may be the midpoint , a percent of the 
peak load, or the load over a specified 
time period. 
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IRTEiutUPTJBLE G.as 

Gas sold to customers with a provision 
that permits curtailment or cessation of 
service at the discretion of the distributing 
company or pipeline under certain cir­
cumstances, as specified in the service 
contract. 

IRTEilRUPTIBLE SEim:CE 

A sales volume or pipeline capacity made 
available to a customer without a guaran­
tee for delivery. "Service on an interrupt­
ible basis" means that the capacity used to 
provide the service is subject to a prior 
claim by another customer or another 
class of service ( 18  CFR 284.9(a)(3)) . Gas 
utilities may curtail service to their cus­
tomers who have interruptible service 
contracts to adjust to seasonal shortfalls in 
supply or transmission plant capacity 
without incurring a liability. 

INTEBsTATE PIPELINE COMPANY 

A company subject to regulation by the 
Federal Energy Regulatory Commission 
pursuant to the Natural Gas Act of 1 938 
because of its construction and/or opera­
tion pf natural gas pipeline facilities in in­
terstate commerce. 

INTEBsTATE NATURAL G.as Jlssocm.TION OF 
.bmuCA (ING.U) 

Trade group that represents interstate 
pipeline companies. 

INTRAsTATE PIPELINE COMPJlNY 

A comp any that operates natural gas 
pipeline facilities which do no cross a 
state border. 

KILoWATT 
One thousand watts. (See Watt.) 

LD.GE DliMETEil PIPE 

High pressure natural gas pipeline is con­
structed, typically, of steel, in different 
sizes from one inch , outside diameter 
(O.D.) to 42 inches. Typically "large diam­
eter pipe" is larger than 20 inches, O.D. 

LEAsE AND PI:.KNT FuEL 
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Natural gas used in well, field, and lease 
operations, (such as gas used in drilling 
operations, heaters, dehydrators, and field 

compressors) , and as fuel in natural gas 
processing plants. 

�G��ED BE�TION 

Regulation characterized by reliance on 
market forces where they are available to 
help ensure fair access and stable prices. 
Generally, under such a scheme, compa­
nies are given significant discretion to en­
ter and leave a particular service, and 
over what rate it charges. While such ac­
tivities are not "deregulated" in the nor­
mal sense of the phrase ,  regulatory 
scrutiny is usually generic and compli­
ance oriented, rather than intrusive. 

� PJ&cK  
The volume of natural gas contained, in a 
point of time, within the pipeline. Also, a 
technique to fill a pipeline to its maximum 
capacity in anticipation of high demands, 
or hourly fluctuations in demand 

LIQUEnED Nll'l'UilAL G.as (LNG) 

Natural gas that has been reduced to a liq­
uid stage by cooling to -260  degrees 
Fahrenheit and thus sustains a volume re­
duction of approximately 600 to 1 .  

LoJlD {ELECTIUC) 
The amount of electric power delivered or 
required at any specific point or points on 
a system. The requirement originates at 
the energy-consuming equipment of the 
consmners. 

LocllL DisTRIBUTION COMPANY (LDC) 

A company that distributes natural gas at 
retail to individual residential, commer­
cial, and industrial consumers. LDCs are 
typically granted an exclusive franchise 
to serve a geographic area by state or lo­
cal governments,  subject to some re­
quirement to provide universal service. 
Rates and terms and conditions of ser­
vice are typically (but not always) subject 
to regulation. 

LooPING 

A method of expanding the capacity of an 
existing pipeline system by laying new 
pipeline adjacent to an existing pipeline 
and connected to the existing system at 
both ends. 



Low PEitMEABILITI' 
Gas that occilrs in formations with a per­
meability of less than 0. 1 millidarcy: 

MA!nJFJICTURED G.u 

A gas obtained by destructive distillation 
of coal, or by tbe thermal decomposition 
of oil, or by the reaction of steam passing 
through a bed of heated coal or coke . Ex­
amples are coal gases, coke oven gases, 
producer gas, blast furnace gas, blue (wa­
ter) gas, carbureted water gas. BTU con­
tent varies widely: 

M.luua:T CENTElt 
A place, located near natural gas market 
areas ,  where many .gas sellers and gas 
buyers may arrange to buy/sell natural 
gas. See "Hub:' 

MJlRBETED I'B.ODUCTION 

Gross withdrawals less gas consumed for 
repressl.rring, quantities vented and flareQ., 
and nonhydrocarbon gases removed in 
treating or processing operations. 

MCF/D 
''Thousand .cubic feet of natural gas per 
day." A volume unit of measur�ment for 
natural gas. 

MJ:G.IJ.W.I.� 
One million watts of electric cap acity. 
(See Watt.) 

.MINJMulw BILL 

A distributor's obligation to take or pay for 
the gas volumes specified in its firm ser­
vice agreements with the pipeline. 

MMBTU 
"Milljon British Thermal Units: ' I\ unit of 
measurement of the heating content , as 
measured in BTU, of natural gas. 

MMCI"J]) 
"MiJlion cubic f�et ,of nat1,1ral gas per 
day:" A voll,liDe 'Uilit of measurement for 
natural gas. 

_lf.llTION.I.L ·ENEJl�Jr .OJUU) 
The agency of the Canadian federal 
government wbich re.gulates interna­
tional and inter-provincial and natural 
gas trade with(in) Canada. The "NEB" 

is the Canadian counterp art t o  the 
FERC, and like FERC als o regulates 
electricity. 

· 

N.aTIVE GQ  
The gas remaining in a reservoir at the 
end of a reservoir's producing life. After a 
reservoir is converted to storage, remain­
ing gas becomes part of the cushion gas 
volume. 

N.a'l'IJlUlL G.u 

A gaseous hydrocarbon fuel. Primarily 
made up o f  the chemic al compound 
methane, or CH4 . Natural gas is found in 
underground reservoirs, often in combi­
nation with oil,  and other hydrocarbon 
compounds. 

N.l.'.l'UJWa G.u, WET .I.FrER LEAs�; SEP.I.R.I.TION 

The volume of natural gas remainir,J.g after 
removal of lease condensate in le ase 
and/or field separation facilities, if any, 
and after exclusion of nonhydrocarbon 
gases where t;hey occur in sufficient 
quantity to re.nder the gas unmarket.aQle. 
Natural gas liquids II)ay be recovered 
from volume .of natural gas , wet after 
lease separation, at natura) gas process­
ing plants. 

NA'l'IJlUlL G.IS Ac::T QF 1 938 
Act passed by Congress whioh regulates 
the transportation and sale e>f natural gas 
in interstate commerce. This statut� is ad­
ministered by the FERC. 

N.ll'l'IJlUlL G.u C.OUifCIJ. 

Formed in 1 992 through the four major 
U.S. gas industry trade group$ to pro­
mote awareness of the potential of natu­
ral gas and to develop a unified gas in­
dustry. 

N.a� (;.u POLICY ,acr 9F 197. 
An act of Congr.ess which effected the 
phased deoont:iol of certain categories of 
·natural gas wellheaQ. prices. 

· 

N.&'1'1JlUlL G4S S1JPJ'� AssoCI.I.TIQl'f 
'I'rCide grc;>up that repres�nts natural .gas 
producers, whether integrated or small. 
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Nli.TUUL Gli.S W'E'·LBEID DECO:NTilOL .leT 

OF 1 989 

This Act fully decontrols natural gas well­
head prices effective January 1 ,  1 993. 

NETBJlCK PRICE 
The price for natural gas the producer re­
ceives "at the wellhead" as determined 
by subtracting the cost of all delivery ser­
vices from the price received " at the 
burnertip" for natural gas. In a competi­
tive end-use market, it is presumed that a 
producer would receive no more than the 
netback price for its gas. 

NEW FIELDS 

A category of the resource base which 
represents gas that is yet to be discov­
ered. This category is quantified based 
on risked assessments attributing geo­
logic similarities from known areas, de­
fined as those resources estimated to exist 
outside of known fields on the basis of 
broad geologic knowledge and theory. 

No-NOTICE TiuufSPOll'DTION SEllVIcE 

A term used in FERC Order 636 to de­
scribe firm transportation service equiva­
lent in quality to the delivery service pro­
vided as an integral part of traditional firm 
pipeline natural gas sales services. 

NONCONVENTION.IL Gli.S 

Resource that incluqes shale gas, coalbed 
methane, and tight gas as these are in a 
relatively early stage of technical devel­
opment. 

NONBYDllOCUBON GASES 

Typical nonhydrocarbon gases that may 
be present in reservoir natural gas, such 
as carbon dioxide, helium, hydrogen sul­
fide, and nitrogen. 

NORM 

''Naturally Occurring Radioactive Material" 
in exploration and production operations 
originates in subsurface oil and gas for­
mations and is typically transported to the 
surface in produced water, both onshore 
and offshore. 
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OIT·PEu 
Periods of time when natural gas pipeline 
facilities are typically not flowing natural 
gas at design capacity. 

0FFSBOilE REsE1lvEs AND PlloDUCTION 

Unless otherwise indicated, reserves and 
production that are in either state or federal 
domains, located seaward of the coastline. 

OIL-EQlJIV.ILEN'r G.u 
Gas volume that is expressed in terms of its 
energy equivalent in barrels of oil (BOE). 
One BOE equals 5,650 cubic feet of gas. 

OPEN-JlccEss TUNsPoll'l'JLTIOR 

Interstate natural gas transportation ser­
vice, available to any willing, credit­
worthy shipper, subject to the availability 
of capacity; on a non-discriminatory basis. 
(See PERC Order 436) . 

OPEllATING CJlPACITY 
The maximum volume of gas an under­
ground storage field can store. This quan­
tity is limited by suc.h factc,>rs as facilities, 
operational procedure, confmement, and 
geological and engineering properties. 

OUTEll CoNTIRENT.IL SHELF (OCS) 
The undersea area offshore from the 
coastline of a continent . This area may 
stretch for many miles from the coastline 
and be covered by shallow ocean. The 
Gulf Coast adjacent to Texas, Louisiana, 
Mississippi, and Alabama is an OCS area 
with substantial natural gas fields currently 
providing a significant source of natural 
gas supplies for the United States. The 
federal offshore usually starts 3 miles off­
shore (e.g. , Louisiana) , but starts 1 0  miles 
offshore of Thxas. 

PEu D.AY 

The day of maximum demand for natural 
gas service. In any given area, the "peak 
day" usually occurs on the coldest day of 
the year, when demand for natural gas for 
heating is at its highest. Because each 
part of the country experiences different 
weather conditions, the peak day for each 
region or area is usually different. In some 
parts of the country; such as the Southeast 



and the Southwest Central regions, the 
peak day may occur on the hottest day of 
the year, when demand for space cooling 
drives electric generation demand to its 
highest levels. 

PEAK-DAY DELIVEUBILITY 

The rate of delivery at which a storage fa­
cility is designed to be used for peak days. 

PuKIHG URIT 

An electric generation tmit that is only run 
to serve "peak" demand. An electric 
generation tmit is normally operated dur­
ing the hours of highest daily, weekly, or 
seasonal load. Some generating equip­
ment may be operated at certain times as 
peaking capacity and at other times to 
serve loads on a "round-the-clock'' basis. 

PBIL£lPS DECISION 

In 1 954, the U.S. Supreme Court in Phillips 
Petroleum Company v. Wisconsin inter­
preted the Natural Gas Act as requiring 
wellhead price of interstate gas to be reg­
ulated by the Federal Power Commission. 

PIPELINE FuEL 

G as consumed in the operation of 
pipelines, primarily in compressors. 

PIPELINE 

A continuous pipe conduit , complete 
with such equipment as valves,  com­
pressor stations ,  communications sys­
tems, and meters, for transporting natu­
ral and/or supplemental gas from one 
point to another, usually from a point in 
or beyond the producing field or pro­
cessing plant to another pipeline or to 
points of use. Also refers to a company 
operating such facilities. 

PIPELINE MoDEL 

The EEA (Energy and Environmental Anal­
ysis , Inc .) model used in the NPC Gas 
Study, which simulates gas flow from U.S. 
and Canadian producing regions to con­
suming regions. 

PLAY 
A group of geologically related known ac­
cumulations and/or undiscovered accu­
mulations or prospects generally having 

similar hydrocarbon sources, reservoirs, 
traps, and geological histories. 

POOLING PoiNT 

Production area pooling points are areas 
where gas merchants aggregate supplies 
from various sources,  and where title 
passes from gas merchant to pipeline 
shipper. "Paper"  pooling are as are 
places where aggregation of supplies oc­
curs and where pipeline balancing and 
penalties are determined. (See FERC Or­
der 636; Hub.) 

POWEll PooL 

An arrangement used in many regions 
whereby all dispatchable electric genera­
tion is under the operational control of a 
dispatching center controlled by the 
power pool, not the individual company 
that owns the generating equipment. 

POWERPLKNT AND INDUSTRIAL FuEL USE ACT 
OF 1 978 

This Act was enacted as part of the Na­
tional Energy Plan and prohibited the use 
of oil and gas as primary fuel in newly 
built power generation plants or in new in­
dustrial borders larger than 1 00 million 
BTU per hour of heat input . PIFUA also 
limited the use of natural gas in existing 
power plants based on fuel used during 
1 974-76 ,  and prohibited switching from oil 
to gas. 

PREBviLD 
The "Prebuild" System was authorized in 
1 977  and provides natural gas from Al­
berta, Canada, to markets in California 
and the Midwest. The "prebuild" system 
is Phase I of the Alaska Natural Gas 'Itans­
portation System. 

PlloDVC'l'ION, WET ArrER LuSE SEPJUUl'l'ION 

Gross withdrawals less gas used for re­
pressuring and nonhydrocarbon gases re­
moved in treating or processing opera­
tions. 

PlloU.'l'ION POLICY 

Policies within some gas-producing 
states that set production limits in order 
to protect the correlative mineral rights of 
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producers and royalty owners and to pre­
vent physical waste. 

PRosPECT 

A geological feature having the potential for 
trapping and accumulating hydrocarbons. 

PROVED REsERVES 
The most certain of the resource base cate­
gories as they represent estimated quanti­
ties which analysis of geological and engi­
neering data demonstrate with reasonable 
certainty to be recoverable in future years 
from known reservoirs under existing eco­
nomic and operating conditions. 

RATE B.ISE 

The value established by a regulatory au­
thority; upon which a utility is permitted to 
earn a specified rate of return. 

REnRERY G.u 

Noncondensate gas collected in petro­
leum refmeries. 

REG'IJLJI.'l'ORY LI.G 

Length of time between occurrence of a 
cost by a regulated entity and the reflec­
tion of that cost in the actual rates. 

lb:NEwABLE ENERGY SOURCES 

Sources of energy, usually for electric 
generation ,  that include hydropower, 
geothermal, solar, wind, and biomass. 

REPBESSUIUNG 

The injection of gas into oil or gas reser­
voir formations to effect greater ultimate 
recovery. 

REsERvE APPBECIJI.TION 

The portion of the conventional resource 
base that results from the recognition that 
currently booked proved reserves are con­
servative by definition and will continue to 
grow over time. This component repre­
sents the growth of ultimate recovery ( cu­
mulative production plus proved reserves) 
from known fields that occurs over time. 

RESERVE GllOWTB 

Composed of new reservoirs, extensions, 
and net positive revisions. 
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REsERVE•'l'O-PiloDVCTION RATIO 

Used as an indicator that measures the 
relative size of ready inventory of gas sup­
ply to the current production rate. 

REsEilVOIIl PBEssuRE 
The force within a reservoir that causes 
the gas and/or oil to flow through the geo­
logic formation to the wells. 

REsmENTUL CoNSUMPTION 

Gas consumed in private dwellings, in­
cluding apartments, for heating, air condi­
tioning, cooking, water heating, and other 
household uses. 

REsoUllCE B.ISE 

Composed of proved reserves, conven­
tional resources (reserve appreciation and 
new fields) , and nonconventional resources 
(coalbed methane, shales, tight gas) . 

RESOURCE CoST Cu1lvE 
A curve that portrays estimates of the 
wellhead gas price required to develop a 
certain volume of the resource base and 
yield a minimum rate of return to the in­
vestor. 

RESOURCES 

Known or postulated concentrations of nat­
urally occurring liquid or gaseous hydro­
carbons in the earth's crust which are now 
or which at some future time may be de­
veloped as sources of energy. 

RIGB'l'"OF-WllY 

Either a permanent or temporary ( dur­
ing construction) right of access to pri­
vately held land for the purpose of con­
structing and locating pipeline or related 
facilities. Although ownership remains, 
in many cases ,  with the original 
landowner, the pipeline purchases the 
right to locate a pipeline under a spe­
cific piece of property and the right of 
access to that land for inspection and 
maintenance activities. Pipeline right-of­
way may be anywhere from 25 feet to 
1 00 feet wide. Typically, at least 75 feet 
is desired for construction activities ,  
while only 25 feet to 50 feet are main­
tained as permanent right-of-way. 



RisKED (UNCONDITIONAL) ESTIMATES 

Estimated quantities of the volumes of oil 
or natural gas that may exist in an area, 
including the possibility that the area is 
devoid of oil or natural gas are risked (un­
conditional) estimates. Estimates pre­
sented in this report are of this nature. For 
this study, the estimated conventional re­
source values were used in the model as 
certain quantities (occurrence probability 
of 1 .0) , and the sensitivity of the model re­
sults to higher and lower resource esti­
mates was evaluated without quantifying 
the occurrence probabilities. 

RorAL'l'r 
The gas producer gives the mineral 
owner a royalty in the form of a share of 
the gross production of gas from the prop­
erty free and clear of any production costs 
or sells the royalty share of gas and gives 
the owner the gross proceeds in cash. 

SECTION 29 OF THE INTERNAL REvENUE CoDE 

Under this section, income tax credits are 
available to producers of "nonconven­
tional" fuels, such as gas produced from 
geopressured brine, Devonian shale , coal 
seams, tight gas. To be eligible for the 
credit , gas from nonconventional sources 
must come from wells drilled before Jan­
uary 1 ,  1 993, and must be produced be­
fore January 1 ,  2003. 

SoUR GAS 

Natural gas with a high content of sulfur 
and this requires purification before use. 

SPECIAL Mluua:TJNG PRoGRAMS 
The FERC permitted pipelines to imple­
ment programs that allowed large indus­
trial consumers to arrange purchases of 
cheaper spot market gas from producers, 
marketers , and pipelines , with the 
pipelines serving as only the transporter. 
These programs were ruled discrimina­
tory by the court and ceased in 1 985. 

SPOT PullCBJlSES 
A single shipment of gas fuel or volumes 
of gas, purchased for delivery within 1 
year. Spot purchases are often made by a 
user to fulfill a certain portion of gas re­
quirements, to meet unanticipated needs, 
or to take advantage of low prices. 

STEADY STATE FLDw 
A method of designing natural gas 
pipeline facilities to meet daily volumetric 
requirements. Under this method, it is as­
sumed that the same quantity of natural 
gas flows during each of the 24 hours dur­
ing a day. 

STORAGE .ADDITIONS 

Volumes of gas injected or otherwise 
added to underground natural gas reser­
voirs or liquefied natural gas storage. 

STORAGE FIELD 

A facility where natural gas is stored for 
later use . A natural gas storage field is 
usually a depleted oil- or gas-producing 
field (but can also be an underground 
aquifer, or salt cavern) . The wells on 
these depleted fields are used to either in­
ject or withdraw gas from the reservoir as 
circumstances require. 

STORAGE VOLUME 

The total volume of gas in a reservoir. It is 
comprised of the cushion and working 
gas volumes. 

STORAGE WITHDRAWALS 

Volumes of gas withdrawn from under­
ground storage or liquefied natural gas 
storage. 

STRAIGHT FixED VAIWlBLE (SFV) 

An interstate pipeline transportation rate 
design that includes all of the fixed costs 
as part of the reservation change. Under 
the Modified Fixed Variable (MFV) rate 
design, costs are divided and some of the 
fixed costs are allocated back to the de­
mand change. 

SUNSHINE .ACT 

Act passed by Congress with the intent to 
prevent decisions from being made out­
side the protection afforded by exposure 
to public scrutiny. 

SYNTHETIC NATURAL GAS 

A manufactured product chemically simi­
lar in most respects to natural gas, result­
ing from the conversion or reforming of 
petroleum hydrocarbons or from coal 
gasification. It may easily be substituted 
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for or interchanged with pipeline quality 
natural gas. 

SYSTEM SUPPLY 

Gas supplies purchased, owned, and sold 
by the supplier or local distribution com­
pany to the ultimate end user. System gas 
is subject to PERC or state tariff and is 
generally sold under long-term (contract) 
conditions. 

TAKE-oa-PAY 

A clause in a natural gas contract that re­
quires that a specific minimum quantity 
of gas must be paid for, whether or not 
delivery is actually taken by the pur­
chaser. Contracts entered into currently 
do not generally include a take-or-pay 
clause. 

TECIIBICILLY R.ECOVEIUlBLE REsoUB.CE 

· Is composed of proved reserves and as­
sessed resources. Assessed resources 
are that portion of the in-place resource 
which is estimated to be recoverable in . 
the future at various assumed technology 
and price levels. 

Tm:RM 
One hundred thousand British thermal 
units. 

TIGBT G.IS 

A component of nonconventional re­
sources which is gas found in low perme­
ability formations (0. 1 millidarcy or less). 

ToP G.IS 

(See Working Gas.) 

TlulHSIENT FLow 
A method of designing natural gas 
pipeline facilities to meet the hourly fluctu­
ations in demand. 

UNBUNDLING 

On April 8, 1 992 , the PERC issued Order 
636 ,  requiring interstate natural gas 
pipelines, operating under the PERC's 
open-access transportation program, to 
unbundle natural gas sales services from 
tbe transportation/delivery service . In 
practice, this requires affected pipelines 
to sell natural gas at the pipeline's physi­
cal receipt points where natural gas en-
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ters the pipeline's facilities, or at desig­
nated pooling points. The transportation 
service necessary to affect delivery of 
this gas to the customer would be pro­
vided under a sep arate contract . 
Pipelines would also be required to pro­
vide unbundled, separate, storage ser­
vices. In theory, this will allow all firm 
customers of the pipelines to purchase 
natural gas from anyone, with assurance 
that the delivery service provided by the 
pipeline will be the same. 

URDEilGBOUND S'l'OIUlGE 
The storage of natural gas in underground 
reservoirs at a different location from 
which it was produced. 

URDEKGBOUND S'l'OIUlGE INJECTIONS 

Gas from extraneous sources put into un­
derground storage reservoirs. 

URDEKGBOUND S'l'OIUlGE WITBDUW&LS 

Gas removed from underground storage 
reservoirs. 

URDJSCOVERED CONVENTIONAL R.EsOUB.CES 

Conventional resources estimated to exist, 
on the basis of broad geologic knowledge 
and theory, outside of known fields. Also 
included are resources from undiscovered 
pools within the areal confines of known 
fields to the extent that they occur as unre­
lated accumulations controlled by dis­
tinctly separate structural features or 
stratigraphic conditions. For the purposes 
of this study, undiscovered conventional 
resources are a portion of the total re­
source base. Conventional resources are 
those recoverable using current recovery 
technology and efficiency but without ref­
erence to economic viability. These accu­
mulations are considered to be of suffi­
cient size and quality to be amenable to 
conventional recovery technology: 

UNIFORM CODE 

The establishment of a consistent code 
of regulations that is available to all juris­
dictions. 

UNIFORM ST.nEM OF AcCOUNft 

Prescribed financial and accounting rules 
and regulations established by the Fed-



eral Energy Regulatory Commission for 
utilities subject to its jurisdiction under 
the authority granted by the Federal 
Power Act. 

VERTED 

Gas released into the air on the base site 
or at processing plants. 

'VIM'DGIRG 

A method for pricing gas at the wellhead 
that was committed to interstate com­
merce prior to the passage of the Natural 
Gas Policy Act of 1 978. Price was deter­
mined in part by the year in which the 
gas was dedicated to interstate com­
merce or the year in which drilling of the 
well actually commenced. Vintaging was 
eliminated by FERC Order 451 in Novem­
ber 1 986. 

W.&'l"l' 

The electrical unit of power. The rate of 
energy transfer equivalent to 1 ampere 
flowing under a pressure of 1 volt at unity 
power factor. 

W.&'l"l'BOUllS 

The electrical energy unit of measure equal 
to 1 watt of power supplied to, or taken 
from, an electrical circuit steadily for 1 hour. 

'WELL WoRKOVER 

Work done on a well that improves the 
mechanical condition of the well or work 
that treats the reservoir in order to im­
prove gas flow. 

WORBIRG O.u 
The volume of gas in reservoir above the 
designed level of the cushion gas. 
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ORDER FORM - REGIONAL REPORTS 

As input to the NPC Natural Gas study, separate analyses were conducted on the 
market potential of 1 0  U.S. regions. Copies of the individual regional reports are being 
reproduced as NPC working papers in the public interest , and may be obtained from the 
National Petroleum Council using the order form below. These reports were utilized by 
the NPC study participants in the course of the NPC study. The NPC does Dot necessarily 
endorse all of the specific conclusions reached by the regional reports and the regional 
reports do Dot constitute the advice and recommendation of the National Petroleum 
Council. 

Number Quantity 
Regional Report of Pages Price Ordered Total 

1 Connecticut , Maine , Massachusetts , New 
Hampshire , Rhode Island, and Vermont 

2 New Jersey and New York 

3 Delaware , Maryland, Pennsylvania, 
Vrrginia, Washington, D.C. , and West 
Vrrginia 

4 Alabama, Florida, Georgia, Kentucky, 
Mississippi, North Carolina, South 
Carolina, and Tennessee 

5 Illinois, Indiana, Michigan, Minnesota, 
Ohio , and Wisconsin 

6 Arkansas, Louisiana, New Mexico , 
Oklahoma, and Texas 

7 Iowa, Kansas, Missouri, and Nebraska 

8 Colorado, Montana, North and South 
Dakota, Utah, and Wyoming 

9 Arizona, California, and Nevada 

1 0  Idaho, Oregon, and Washington 

Complete Set of All Above 

Return to: 
Publications Department 
National Petroleum Council 
1 625 K Street , N.W. 
Washington, D .C. 20006 

Name: -----------------------------

Organization:-----------------------

Street Address:*----------------------

Telephone Number: -------------------

94 $25.00 

96 $25.00 

1 0 6  $25.00 

32 $25.00 

1 7 6  $25.00 

56 $25.00 

44 $25.00 

50 $25.00 

98 $25.00 

60 $25.00 

8 1 2  $200 .00 

A check in the amount of $'-------­

is enclosed for the working papers as 

indicated above. 

Check here if you would 

like
. 
a list of recent publications by the 

National Petroleum Council. 

* Reports are shipped via UPS. A street address is required. 
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